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(S) CHAPTER I: INTRODUCTION 



A. BACKGROUND 

+ 

This volume is the second of two volumes of a preliminary feasi- ' 
biluy study for the establishment of a lunar outpost by 1966/ It deals 
with the technical requirements and indicates the way and means for 
the actual accomplishment of this mission. 

>L ■ - . _ 

This study is an outgrowth of a systems study for the SATURN 
amily of space carrier vehicles initiated late in 1958. in which the 
earth-lunar transportation mission was picked as a typical and major ' 
job to be accomplished by the SATURN vehicle. This mission was 
used for optimization of the transportation system without neglecting 
other requirements for SATURN vehicles which also have been estab- 
ished, such as the 2 4 -hour communication satellite. Other missions 
which are expected to be accomplished by the SATURN vehicle have 

been considered, such as orbital return vehicles, advanced propul- 
sion system testing and planetary probes. All of these missions, 
however, are not discussed in this report. 

The responsibility for coordination and editing of this volume was 
assxgned to the Development Operations Division of the Army BalHstic 
Missile Agency (ABMA), by letter from Headquarters, Army Ord- 
nance Missile Command (AOMC), dated 3 April 1959. This assign- 
ment in turn was delegated to the Future Projects Design Branch of 
the Structures and Mechanics Laboratory by the Director of the De- 
velopment Operations Division. Other laboratories within the Devel- 
opment Operations Division contributed to this study in appropriate ' ' 

areas of interest and capability. All seven technical services partici- 
pated in this study, with major inputs from the Ordnance Corps, Sig- 
nal Corps, and Corps of Engineers. This report is the product of a 

study conducted by a unique technical task force of the Department 
of the Army. 

B. OBJECTIVES 

+ h • 

. . The ob j ective of this volume is to present applicable technical 
* °* matl ° n available at this time, which supports the statement that 

* e ®ta b Lshment of a lunar outpost by 1966 is within the capabilities 
of the United States.” 
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C. SCOPE 

The scope of this study covers the design criteria and requirements 

of a lunar outpost, its construction and maintenance, and a 3L7r v 
of Its operational aspects. < a summary 

t em ^L V °i Ume ? r .* her dUe "“« earth-lunar transportation sys- 
tem from the vehicle design, transportation system integration aL 

economical point of view. integration, and t 

plete earth -lunar communication system. 

r ..J 

Considerable effort has been made to integrate all individual re 
qu rements and activities into one complete operation to tcomi^ 

inrlw? 1681011 establishing and supporting a lunar outpost. This 
complete program. “ d fundln e requirements for the 

" - ' • 1 

farri'shaTeWMd" 1 ' ° f thi ‘ I>relimiMI r fusibility study to ^ 

accom^»Hshu^m^f^di^m^ik len Thi^is^ era ^H na ^ ?“ ““ “«* 

* , e tastt. This is considered to be the ne*t 

step and would require approximately eight months to accomplish 

D. ASSUMPTIONS 

of tw« e ° Win ? baSiC assum P tioas teve been made for the purpose 
of this study m the individual areas indicated: P P 

■ i 

I- .Lunar Operations ; . 

. ■! . ■■ 

The ° hjective is limited to the establishment and supnort 
12-man outpost, although exploitation possibilities are discussed. 1 

J ■ 

p r “ Re “ arCh Pr ° jeCt8 - the national ^Bpac^e ” 
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used dutin» E ^ Utl H 8 natllral reEources on the moon, which might be 
(ToU/J X ! time period of interest, ere not taken into consideration. 

ligible ti : o mpa“r t^^fr e 4tem^s i, , P ' ri ° d “ 

m wm be . 

availabfl £ Cl ° 8 ** CYCle life Support s y s tem is not considered to be-’* 

a r 8 - ! ime peri ° d 1964 " 1967 ’ -hich is a conservative 
P mce at least a partial system is considered feasible. 

should Si Preferabl Y. the stay time of an individual bn the moon 
snould be one year or less. 

2 - Transportation Sy stem 

I inv *'.■ A ! 1 ° rbital ° peration = wil1 be carried out in a 96-minute 

nautical miles) equatorial orbit of the earth. 

part 0 ftMstrogrl 0r ‘ al UU ° Ch " U1 d — loped « 

■L • I J. ■■ 

torial orhit^o^he^:; ? ‘^"V ^ * *-«-*' *»«** ' 

of this program. Y ’ b 4 18 n0t manda tory for conduct 

p" 

J r 

on orbimi °" ^ . 



e. A 24-hour c 

ation by 1964. 



ommunication satellite system will be 



in oper- 



*. ' r T J 



s^jpcsssrasnsr 5 

3, Carrier Vehicles 

2»r^-!5=!=5r 

kt ~ •• ^-*=rrs?=a5sc?. 



.. i ' 
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_ iORPcR SK ; avf Si V TAG ^ 3 8 4 



3 



used for the SATURN II upper stages wiu if 7 ' h gh thrust engines, 

,or ARPA in separate programs Their dl , ' P ° n80red ^ NA SA and/ 
in this program. 8 h development will not be funded 

propulsion I^llTortr^^^ £ ™ ° f 5 °. K nUclear 

sidered for the time period of interest Thi« URN D * n ° been Con “ 
tion since such an engine could be developed by aS8UTOP ' 

moon. Storable^ propellanTs^with MQ 1 f0r U jf landin S maneuver on the 
be used for the ta^eof, m^euver on tlTm^. ^ 

this study with’s'ome m^elt ^moro aVe bee,i conaid<! red throughout 
consistent with the time perioZf ZZIT “ 8tata ‘^«>e-art 

E. SUMMARY 

as r? le r mi 

and its first year of operation. 1X1611 ° * 12 ' ra an lunar outpost 

larger than i .“too “tTb^Turr^X pla^'T’ °" 3 56316 c ° nsi derably 
is anticipated that the NASA win"! P la,m ' d . begin by 1962. It 

the period I960 through 1964 the deve] 0 * * 16 r ' 8earch activity. During 

vehicles by October 1963 a„d December wl?' ° f th * b38iC e “ rl “ 
and of 1964 a total of 72 SATURN v , r' re6 P ect 'Vely. By the 
of which 40 are expected m ^ -K ^ '' Sh ° Uld haVe been launched. 

HORIZON. These 40 launching wm i^cl^e ^P 1 ^^ ° £ Project 

eight lunar soft landings, seven lunar 1( “ ar satellites, 

return missions , and 15 operational t circurn navigations , four orbital 

Purpose of the initial 25 ZZgs Zn ZZjZZj ^ 

portation system's techniques and nrn a opment of the trans- 

obtaining scientific and engineering 00 ° Ur68 ’ “ W ' U 88 that o£ 
buildup phase begins with fhe first orb.taTm’gt? 13 ,n£orniati “- The 
the first operational cargo delivery to the moo • ^ u « ust 1964 and 
will be sen. ,0 the lunar conatr^^.?. ‘ 965 ' Car 8° 

^ orb^rpa^efo" ^ 

»“ ™ ....... a . : 
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return capability. The buildup and construction phase will be con- ? ~ 
tmued without interruption until the outpost is ready for beneficial 
occupancy and manned by a task force of 12 men by November 1966. ; 

This buildup program requires 6l SATURN I and 88 SATURN II 

- mi£? hingS . in a period of 28 mon ths { August 1964 through November 
1966), This requires an average launching rate of 5. 3 per month. 

The total useful cargo transported to the moon amounts to 245 tons 
assuming an average mission reliability of 80 percent. 



This transportation job results in landing material for the construe 
tion of a lunar outpost with a basic structure weight of 40 tons, and an 
additional 205 tons for equipment and supplies. Approximately 40 of 
these 205 tons will be required for life essential supplies. 



A total of 64 firings have been scheduled for the first operational 
year of the lunar outpost. December 1966 through 1967. and results 
in a useful cargo transportation capability of approximately 133 addi- 
tional tons from earth to the lunar surface. These vehicles also pro- 
v!de transportation of orbit and lunar crews to the orbit as well as 
rotation of the outpost personnel, with a nominal stay time of nine 
months on the moon. An additional six SATURN I and ten SATURN H 
vehicles are assigned the mission of emergency vehicles during the 
entire project. With the same assumed reliability, the emergency 

vehicles have the capability of transporting an additional 30 tons of 
cargo to the lunar surface. 



- average transportation cost for a one-way trip to the moon 

for the program presented herein is $4250 per pound. This includes 
the investment in the R&D program and the necessary facilities To 
sustain the operation after 1968 without post expansion and based on 
the same carrier vehicles, this figure would be reduced to approxi- 
mately $1850 per pound. By use of nuclear or electric propulsion, 

hi T^r dl t Ctl ° n ° f tMS C ° St figUrS t0 $40 ° per pound seeins feasi- 
ble by 1975. Early in the program, the transportation cost for a 

round trip from the earth to the moon and return to earth would be 

approximately 48 times that of a one-way trip from earth to moon. ’ 

This may be reduced to a factor of 25 by further development. 

to COSt as ou,lined i" ‘hi. report was estimated . 

to be $6 ,052, 300 , 000 over an eight and a halt year period. This is an 

average of approximately $700 million per year. These figures are 

estimates based on past experience and, while preliminary, they 
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should be* compared the ^"S* 1 8ubatantia1 ' they 

missile industry of Jn MUion^T V ° luroe ° f the aircraft 

budget of forty-two billion dollar s per yelr?" ' " ““ “ mUal defen ‘ e 

involved^can be firtheVo^im^^^^^ " t0 how the system 

effort further reduced The fu,l , ? derail program cost and 
has yet to be realized and ' '* pl “? tion of “>««- Possibilities 
preliminary investigation ’ * ddl ^“ 1 Stad * b «yond this 

F. CONCLUSIONS 

nically and econom^n^fels^b^ 1 ^ ° UtP ° St iB COnsidered t® be tech-. 

theii't isXSS ? t £ “ ternily, as well as 

on the lunar surface by Spring of 1965 and 11° Und the first two P e °Pl« 
outpost operational by November 1966. V * * 12 " man Permanent 

3. This program requires only modest iT»r,r n 
state-of-the-art and no major b,e^^“ PrW * mant * ° f the 

H 

■ -f 

4. The probability of success and tu- , 

personnel involved justify immediate initial" toU “"c £££ ““ ' 

rier^vehicle ^ ^cUar ' '££££ &%*"* * ““* *«*•■* — 
extension of the lunar program presented herein 

I ( 
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<S) CHAPTER II; OUTPOST 

. The Inner outpost describe in this chapter U a permanent 

facility capable of supporting a complement of 12 men (temporarily 16 

men) on a continuing basis. The design provide, for expansion of the 
facility as may be required at a later date. 

i 

, . ^ designing a lunar installation, it is necessary to substitute 

to nt'ot, rea , m , for " nCOntroll<!d ‘“agination. The lunar £acility here . 

do rr ‘ 8 „ V “ ° f glamor; and is intended to do only one job and 
o that job well. That job is to serve the men who must stake their 
lives on its functional adequacy and reliability. 

limits- The 1 “ ar facUit y wlu be compatible with the capabilities and 
limitations of both the space carrier vehicle delivery system and the 

men who must do the construction work. In the choice of materials 

L °“ a ’*.\ a “ d te ':! miqUeSI ' caution has been exercised to select only 
those which are either now on hand or which can be expected, with a 

high degree of confidence, to be available at the time needed The 

accomplishment, of this task will not be dependent upon any 

echnological breakthrough or upon any development not provided for 

the planned program as described hereto. The planned facilities 

' ” be benefited, and their cost reduced, by continuing 

to e^oed t m net realistic, however, to plan such 

that dTs M “k rT? 1 ' considarabIa resources solely on the hope 
that desirable but wholly unpredictable, events will occur within a 

given period of time. 

tants in to* PrinClpal func ' ion o£ tha ° ut P° s ‘ will be to sustain its inhabi- 
ttots in an environment which is more hostile than any heretofore en- 

nt d I man ; T ° d ° * hi9 ' the OUtpost wiI1 P'ovide man with an 
arth-like atmosphere, tod at the same time it will protect him from 

Costo n to r dTT 0nm w t that V '° Uld ° therwioe ^capacitate or destroy him. 

hand no needu” lCU £aCt0rS require austere planning. On the other 
hand, no needless compromise will be made with requirement, of the - 

project or in matters essential to comfort of the operating persotoel 

whtoh d C °T e de8ign WiU be »»"«“» in ‘ha paragraphs below 

hich deal with the specific proposals for the outpost facilities. 
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A. LOCATION 

Site Requirements 

it t I he , ,T P °“f te 8elected three broad requirement.: 

must be (1) suitable for landing from and departing for earth (21 

whVeh d* r f liV “ 6 “ ' h * lteI ' “ d (3 > 6uitible *>* carrying out mission, 
which dictate movement over the surface. 

a. To be suitable for landing, the surface at the site must be 
reasonably level, without abrupt irregularities in height which can not 
be compensated for by the vehicle landing gear, and free from stresses 
that may result m slides, slip, or collapse of the surface when the 
lunar vehicle lands. This implies that the area must be readily 
accessible to pre -landing mapping. The site should also require mini- 
mum energy expenditures (and, consequently minimum propellant mass 
penditures) to reach. However, if landing sites and earth-return 

SltCS be Cl ° 8e t0 S ether ’ ener SY requirements for landing 

must be weighted against energy requirements for subsequent return 



V, * b ’ , To be suitable for living in shelter, the lunar surface must 
be free of dangerous residual stresses which would react disastrously 

to the weight of the outpost facilities or to the action of explosives and 

construction machinery. Methods must be developed to work the lunar 

material without excess expenditure of energy. Communications with 

eart£ “AA T JA aU UmeS: fuU viaibilit y «« outpost from 
earth would be desirable from a safety viewpoint. Since at least part 

of the outpost facilities will be sub-surface, the location must be such 

as to provide an equable living temperature with minimum drain upon 

the outpost power supply for heating. Finally, the site must provide 

vehfrr CeeS A lllty tG thC landing Sites for emer gency and normal supply 
icles, while maintaining construction activities at a safe distance. 

„ T ° be suitable carrying out activities of the future, as 

SC T Sr t in discussed * the 8it * must provide expansion 
capabilities. It should allow ready access to other areas such as 

launch sites new outposts, and areas of special interest or significance 

This means that the site must not be located within a crater necessitating 

continuing ascent and descent of the rim, or traverse across possibly 

dangerous areas. Heights suitable for surveillance stations, and for 

r- energy installations, etc. * should be near by; also, a suitable 
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astronomical observatory site must be available. 



2, List of Sites to be Considered 



Of the above requirements, those under l.a will limit the area 
of consideration to about 20° latitude /longitude from the mean optical 
center of the moon (See Fig. II- 1); the requirements of l.b and 1. c 
further limit consideration to sites in maria, sinus, or other presumably 
flat areas and no too far from the boundary of these areas. The process 
of limitation cannot be carried much farther at the present state of 
knowledge of the lunar surface. The initial choices for sites are there- 
fore sufficiently numerous to allow further selection as mapping and 
environmental data are improved. The principal sites that will be 
studied further are (See Fig. U-2): 

a. Sinus Medii (e. g. SE portion, or Triesnecker) 

b. Sinus Aestuum, near Eratosthenes 

c. Mare Imbrium, NW of Copernicus 

d. Mare Imbrium, NW Shore NE of Archimedes 

e. Mare Imbrium, NE edge of Apennines 

f. Oceanus Procellarum, near Landsberg 

f 

g. Ptolemaeue, near Alphonsus 

* 

h. Mare Nubium, SE of Alphonsus 

i. Mare Imbrium, near Plato 
3. Mapping Requirements 



a. The first information on the landing site will come from a 
study of earth- based photography as part of existing requirements in 
astro- geodesy. The Army Map Service has already begun work on a 
map of the entire visible lunar surface. This map is to be of a scale 
of 1:5, 000, 000 with 2, 000- foot contour intervals. The map will be 
made by stereo methods from already existing lunar photographs and 
will be consistent, as precisely as possible, to the lunar data established 
at the rim by Dr, Watts of the U. S, Naval Observatory. This map 
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Fig. II- Z. Enlargement of Lunar Area of Interest with Most 

Promising Outpost Locations 



will be completed on or about 1 December I960. About September 1959, 
work will begin on a 1:1,000, 000 scale map with 300-meter contour 
intervals. Instead of stereo methods, analytic methods will be used 
to determine contours. Existing photography will be supplemented by 
special photography where necessary. Horizontal accuracy of better 
than + 100 meters and vertical accuracy of less than + 150 meters are 
expected. This map will be completed about August 1962. 

b. Mapping at Beales larger than 1:1,000,000 will require 
techniques and photography not yet developed. Such mapping (which 
includes eelenographic studies and construction of relief models) will 
be limited to the areas selected for consideration as landing and earth- 
return launch sites. A small amount of earth-based photography will 
be carried out from Pic du Midi, Yerkes, Lick, Mt. Wilson, and other 
observatories. A considerable amount of photography will be accomplish- 
ed using special cameras photographing from SKYHOOK-type platforms, 
as well as lunar circumnavigating and satellite vehicles. 

c. In 1961, SKYHOOK photography will be supplemented and 
eventually replaced by photography of the moon from an earth- orbiting 
telescope camera system. Resolution at least as good as that obtained 
from an earth-based 100-inch diameter telescope is anticipated. To 
obtain resolution better than + 50 meters, photography from points 
within 500km of the moon's surface is required. Such photography will 
be provided by lunar satellites and probes, beginning in or earlier than 
1962. By 1963, mapping will have advanced sufficiently to allow 
attention to be concentrated on the single primary landing site and two 
alternate sites. Lunar soft-landings will place cameras and seleno- 
physical instrumentation on the three sites. Such investigations will 

be carried out until the sites have been satisfactorily studied and mapped. 
The U. S. Geological Survey and Yerkes Observatory will prepare 
detailed geological studies of the sites, as well as of such other areas 
as may become of interest. Landing site selection and mapping, at 
Beales as large as warranted by the photography (probably not larger 
than 1:10,000), together with construction of relief models, relief maps 
and landing- approach photographs, will be completed by December 1964, 

d. As an integral part of the mapping program, measurements 
of the earth-moon distance will be made on a continuing basis starting 
in July 1959. These measurements will provide information on the 
scale of the lunar photography, as well as important geodetic informa- 
tion. A precision of + 300 meters using a moon-bounce radar technique 
has already been obtained by the Naval Research Laboratory, The 
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precision will be • 

by solar cells at a known jpo^on * transponder powered 

Medii) in i96 3t 016 lunar surface (probably on Sinus 

4 * Final Sites 

Wr sttcm'r e»d Ve™t iC r"^ detailed Of 

and outpost construction? The eZVZ SeIectlon of ei ‘« for landing 
*“??"*• h ° Wever ' th « suitable site. forteT!"? Pr ' VioUal y outlined 

ooast of the hiare fmbrium. Jest nor^'e ;= 

B ‘ DESIGN CRITERIA 
1. Astrophysics! 



“‘fituucant astrophvsical Hst, 

operation of a lunar outpost are tab l t B °, rtant to the de »ign and 

use of celestial mechanfcs a^ asSochvs “ *!“* “‘‘l trough the 

from observations of the moon B 7 lc , s> 1S possible to derive 

influencing the design of a lunz^oulL* quantities - Factors 

hon, therefore, have their origin in combLTr.T' 1 ‘° “ ' art1 ' ““falla. 
tional evaluations. g com bined theoretical and observa- 

As a primary effect > 

results in a limited range of Wei^r 8 a f proximat « 1000-mile radius 
m calculations for this effect the * Surface - For simplicity 

sphere. A man six feet £i ka^a ZrTZ be a 

from a height of 24, 000 feet the hor’ leSS than two miles - Even 

100 Taken in co^Ltti w«r t L e l endS * ^ *' «*■» 

areas under consideration this me«s al °P« « the 

tact While still not far from the outnost l man Ca " l08e visibIe son- 
taken. 1„ addition to the lack of anlesa »P«cial precautions are 

communications are restricted du^o thu'l * r< *?* atio " 'uhancments. 

pec,al techniques wiU be devised to offset 

Six times as much maB^I'he cluld' tn '^th gravity ’ a man can lift 
a proper state of stability and is nor iT'J * provlded he maintains 
-Uit. Some machines such « a ° J h “ d isapped by his lunar 

fuifinj the stability :r p *™ ek - ca -°‘ 

p esent form of mass distribution. 



table III 

astronomical and astrophysical quantities 

FOR THE MOON 



Diameter, true 

* 

Apparent angular, 
distance from Earth 

Circumference 

Area 
Volume 
Mas s 

Specific gravity 

Acceleration of gravity at 
surface 

Escape velocity at surface 
Orbit, eccentricity 

Inclination to ecliptic 

Inclination to Earth’s 
equator 

Distance from Earth, maxi- 
mum 

Average 

Minimum 

Velocity, average, linear 
Angular 



^160 miles 
31' 05.16" 

6785 miles 

14, 660, 000 square miles 
5,275 x 10 9 cubic miles 

H 

16,20 x 10 pounds 
8.10 x 10 i9 tons 

0,012 earth mass 
3.33 

5. 31 ft/sec^ 

0.162 earth gravity 

1*479 miles/second 

0.0549 

5°08' 33" 

18°19' to 28°35' 

252, 724 miles 

238, 856 miles 
221, 475 miles 

0. 63 miles/ second 

13.1764° per day 



at mean 



16 






. K . 



■1^ 



TABLE II-l con't 



Transit interval, average 
Month, nodical (from node to node) 



24 h 50, 47 m 
27d. 212220 



tropical (from squinox to equinox) 27d. 321 582 - (2 x 10‘ 6 T) d 

sidereal (from star to same star) 27d. 321 661 - (2 x lO-^T) d 

anomalistic (from perigee to peri- 

8 27d * 594 551 - (14 x 10" 6 T) d 

synodical (from new moon to new 

moon) 4 

29d. 530 588 - (2 xlO' 6 T) d 

Period of node . 0 ,, „ . ' 

lo, ol34 tropical years 

Libration in longitude O o , 

8 (approximately) 

latitude 6°50' (approximately) 

daily 1 0 ° 2 ' (approximately) 

Equilibrium point, dynamic | 0. 85 lunar distance " 

static 



0. 9 lunar distance 



Inclination, Moon's equator to ecliptic 1°32,1' (mean) 



Albedo 



0,07 



Brightness (full moon) 
(average) visual 
photographic 



0.25 candle-meter 
-12, 74 mag 

i . .■ 

-11. 64 mag 



Color index 



Temperature, surface, maximum 



minimum 



at poles, in line of sight 



+ 1.10 



+248° F 



-202° F 



+153° F 



1 

4 



TABLE II-I cont 

sub- surface, maximum (at equator) -40°F 

Temperature, black-body, at mean Lunar 277° R 
distance 

body with zero conductivity and zero 392° R 
rotation 



Magnetic field 
Atmosphere, surface 



Topography: mountain heights 

crater rim heights 
crater diameters 
crater side slopes 

Surface curvature 

d: Sidereal day 

T: Tropical century since 1900 



less than 200 gamma 

-12 

less than 10 Earth 
atmospheres 

up to 29-30,000 feet 
up to 24, 000 feet 
up to 150 mileB 
up to 34° 

2, 45 feet per mile. 



Likewise, other machines, such as the bulldozer, will have to be 
weighted to maintain the power-to-traction ratio, as will simple tools 

like jackhammers, tampers, etc. The use of explosives will be 

extremely dangerous because the range of fragments will be increased 
more than six times; while penetration, which varies as the square of 
t e velocity, will also be a more severe problem since there is no 
atmospheric drag attenuation of velocity. An effect of the lunar gravity 
which will be important in the survey of the site, will be experienced in* 

leveling transits. Rather than redesign the bubble vials, it may be 
necessary to resort to optical plummets. 

The temperature effects on the moon are extremely interesting. 
The moon rotates about the earth at the rate of about 1/2° per hour. 
Since there is almost no atmosphere, two points on the surface a few 
me es apart with one lying in the sunlight and the other in shade will 
be at temperatures several hundred degrees apart and will remain so 
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for hours. If one point is north of the other, the difference may persist 

ternn "T days ' A1,hou Sh h <>at conduction will tend to equalise 

be^/err a” ? nCeS SOme ex,en, > 411 ob jects on the surface will, 
etc Tho " ran ‘™ 1 “ 10n onbles, above- surface structures, machinery, 
etc Thomson and Seebeck effects wiU occur on a large scale, while 

s fn”^ expansion will be just as, important a. total expan- : , 

Sion. The vertical temperature gradient may be less than the 

Xtos't of t*h' f Ut 11 WlU be CyCUC atOUt “ mean tern Perature of minus 40° F. 
Most of the living quarters will be sub- surface in the minus 40°F 

gradient? Cnt * aUrfaCe connection will have to allow for the cyclic 

..I „ The ne ^ r l f tal a ^ sence of an atmosphere means that all the solar 
d cosmic radiation will come through to the surface. Effects not 

occurmg naturally on the earth’s surface will occur as a matter of 

course on the moon’s surface. One such effect will be accumulation of 

charge on metals through the photoelectric effect. It may be expected 

that there will be some leakage of oxygen from suits and other enclosed 

structures. This oxygen will be absorbed to some extent on the 

exterior of the suit or structure, where it will be converted to ozone 

and ionic oxygen radicals by ultraviolet radiation. Retainment at joints 
may be a severe problem. 

i 

•n * Y ehlcles and personnel moving across the surface of the moon 
will tend to acquire a charge just as do moving bodies on the surface 

0f The moon ’ 8 surface is, however, an excellent insulator, 

and the charged bodies are in a vacuum. Another source of negative 

c arge is the solar radiation. Design of the outpost facilities must 
provide for draining of such accumulated charge. The problem is quite 
closely connected with the general problem of providing electrical 
power supply and communications, since the insulating character of the 
surface means that equipment cannot be "grounded" to a common ze ro> 

po ential as on earth. "Ground" arrangements will undoubtedly be more i 
complex than on earth but not a serious problem. 

2. Environmental Requi rements 

The prime requisite in design of the lunar outpost is to provide' i 
an environment m which man can live, and which, in so far as practical 
is representative of earth conditions. The environmental requirements 
for the lunar man are tabulated in Table II- 2. Maintaining this 
environment on the moon requires creation and control of an artificial ' 
atmosphere in special shelters. Air conditioning equipment capable of 
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TABLE II-2 



ENVIRONMENTAL REQUIREMENTS FOR MAN 



FACTORS 



Oxygen 

Nitrogen 



Inert Gases 



Carbon Dioxide 



Humi dity 
Temperatur 



Radiation 



Noise 



Carbon Monoxide 



LIMITS 



20 . 7 % 



78% 



1 % 

0.3 - 0.5% 



14. 7 psi 

60 % 

i 

65°-68°f 
0,1 mrep/day 



30-40 db 



ppm 



6 lb /day 



4 lb/ day 



remarks 

Optimum 3 lb/man/day ; 

L 

Optimum. Other substi*, 
tutes will be considered 

Optimum 

Maximum for continuous 
exposure i Lower percen- 
tages desirable 

k 

Optimum 

Optimum 

b 4 ' 

j h 

Optimum 

Optimum tolerance; greatly 
increased limits permissi- 
ble if required by situation 

Maximum from viewpoint 
of comfort 

Maximum for continuous ex- 
posure 

Maximum. Recovery not 
considered 

Concentrated and partially 
dehydrated 



1 



Prolonged periods of abso- 
lute darkness to be avoided 



# 




removing carbon dioxide, controlling humidity, and maintaining com- 
fortable temperatures must be operated continuously. In sealed 
shelters, special design features are necessary to prevent excessive i 

noise levels. All these requirements are basic and establish primary 
criteria for design of the outpost. 

[ 

Human Engineering Considerations . i 



Since man performs certain tasks at the lunar outpost, both in 

shelters and in the open, his physical characteristics and capabilities' 

were carefully considered. These requirements for an assumed 

standard" man are listed in Table II-3, Design of shelter doors 

passageways, headroom, sleeping area, and access to installed 

facilities are provided for this typical individual. Very important are 

his capabilities when in a lunar suit. He becomes much bigger 

dimensionally and volume-wise, moves much slower, cannot climb or 

step over high projections, is restricted in his arm movements, 

vision and lifting capacity, and has less stability. In construction and 

operation of the outpost, these are important factors. Mechanical and 

e ectrical devices must be designed to be operative by men wearing 
lunar suits. 6 



4 * Space Veh icle Delivery System Influence on Design 

In design of the outpost, maximum use will be made of these : 
equipment components which are part of the incoming space vehicles. • 
Ve icle cargo containers and propellant tanks will be used as far as ! 
practicable m constructing the outpost facilities. Design criteria 

^T a , ri U , S n d < Consi8tent Wlth th * vehicle cargo compartment being a’ 
etal tank 10 feet in diameter, Z0 feet in length, and having a payload 

^ DO C ‘ y ° f , 6 ' 000 P° und u 8 - T »c basic living-quarter type shelter It the 
outpost is designed with dimensions and external features equal to th e : 
standard cargo tank. Equipment and facilities will be built into the 
. ' , on earth, in so far as practical, so that it may be readily con- 1 

verted into a livable shelter on the moon. Also propellant tanks from 

V8hlCle8 hav ”S configuration similar to the cargo tank will 
utilized. For example, empty propellant tanks will be used for 
providing storage of bulk supplies which must be protected from 
meteorites and solar radiation. A longitudinal half of a propellant tank 

"I * 8 us8d a8 «>' cargo bed for a towed trailer, and metal cut from 
propellant tanks will serve as solar shields and meteorite protectors 

to equipment which must operate in otherwise exposed surface locations 
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TABLE 1 1-3 



HUMAN ENGINEERING CONSIDERATIONS 



ASSUMED STANDARD MAN 
MAN - height, 72 inches; weight, 175 pounds 

Eye height, sitting 

l ' h 

Eye height, standing 

Shoulder breadth (bibeltoid) 

Hip breadth, sitting 

Arm span (total) 

Arm reach (normal, from wall behind him) 
Hand breadth (palm) 

Knee height, sitting 

Popliteal height, sitting 



* Inches 



33.1 



67.7 



19.1 



15.1 



74. 5 



36.7 



3.69 



23.0 



18.0 



MAN --in Lunar Suit with Attachments 
Weight (on Moon) 

Height, standing 

S ^j e °P en i n g for normal passage 
(Height and Width) 



79 pounds 



60 x 30 



Maximum height of sill for normal passage 

Space required for suit removal 
(Height, Width, and Breadth) 



84 x 60 x 60 



Continuous wear of suit (normal) 

(acceptable) 

(w / caution) 
(emergency) 

^Unless otherwise noted. 



8 hour s 

12 hours 

24 hours 
72 hours 
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5 * Zg cilltie s and Suppli es Required for Lunar Outpost I 

« 

a. Advance Party Outpost (nine men} , ■ \ 

j 

v. J , T ? e lunar out P° at facilities for the advance party which will ' 
e "!*? ” ° U ” mg f urin S the construction of the main outpost, wUl ^ ' 
lst of tank-type living quarters with utilities such as heat livht 
a,r cond.t.oning and ali the other interior essential, to prov^ af.arth- ' 
like environment. The first two men and also the nine men hft^ 

^"tw ha 7 Win -“r , ‘h ‘ he “ b, “ ° f th ' VeMcle ln *“<* -ive 

mitil they have completed assembly of this advance outpost, it will be ' ! 

after f rr val ^The ^ qUar ‘ erS ">”>Pl«ted within 15 day. * ' 

time for tb , I nine -man construction crew. Maximum allowable 
me for this task is 30 days. Because of the importance of time and ' 

verse environmental conditions, employment of special design and ! 

construction techniques is necessarv Thw** ® 

fabriraf-^H ~ Three cargo-size tanks, pre- 

fabricated as living quarters, will be buried with at least three feet of 

for — — : 

j 

( i) Power 

__ ri The basic P° wer supply for use immediately after landing 

and during the preparation of the advanced party construction camp will ! 

considTaU T f' T**"' The ~ b “ P«« requirement will be ! 

“= Powe'r ““ during the Wr nTgh , 1 

operation^ of I T, CaMn incl " de ^at needed for ha^d 

of wateTfor tte f„ , n Pr ° duCt . ion “hydrogen and oxygen (electrolysis' 
vehicle' Powering the multipurpose construction >; 

i 

' t 

P J 

L ' 1 

nrn . . J he nuclear Power plants which are to be assembled to 

kw mdVoT' T C ° n6 T Cti0n ° f the OUtpOS ' facUitiea are rated at 10 ! 

blLtatv After selection of the outpost site, crater, are to be 

blasted (if no convenient ones are found) for the power plants To 

thick 6 iatl ° n shieldi *g, lunar material not less than 12 feet in ? 

thickness is required. Therefore, the reactor cores wUl be placed ! - J 

u -surface levels or behmd mounds. The 10 kw plant can be easily 
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Fig. II-3. , Layout of Initial Construction Camp 





Fig. II-5. Overall View of Initial Construction Camp 
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*■ J2„ “• 1 • *- »“• — •*"• 

~rr s tv£“ :: 

night and the diff i cultyT/s ^or in^^e r g^n efthe^ fo ' ^ 

£££* Varl r S “ ° f ". 

.herrSonTc o' r;^ ^:L Pre r n ‘- “ “ that ^electric, 

“f 1 f p r ™ s:;^r ' 1 

oolant), maximum temperature a are 1200°F - 1300°F Th^ 
mercury vapor enters the turbine at 1100°F - 1200°F and coud 

™ ^::::r re leet ior the 10 “ « ~ t :: 4 ' 1 

vertically above the planicrater* not radloactlTe and a « erected 
penetration by ?-•«« 

PartS ° f VehiCUS - d - 8 -r™S‘r Sll ' d 

aT , n , . . y aosage. The plants can be shut down and 

tolerances. The maximum credible accident 7 , , 

pressure vessel ruotn™ . a accident, including core meltdown, 

* vessel rupture, and gaseous fission product release would 

- -nzrjsn T ‘zdr*i ot ™ 

usual safety devices de^iT.Tt ’ *“ C . e these ? lants will have the 

, * ©signed to prevent high neutron fimr 

temperatures, or any other dangerous conditi™ ' gh 

about 100 feet ap h art 1 Ld W 300-400 'T fT" Pl “ U WU1 b * aaa «ntbled 
location. For the earlv etas ee ‘ from the outpost living quarters 

early stages of construction an external distribution ‘ 
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box containing fuse protection, excess load power bleed „ff 

the living <,uarters ha - * 

? rcuit monitor ^ 

surface. This ' ab ° Ut »* incl «* beneath the 

to +300°F, and XnTuried wUl 

Which mi * ht otherwise have an adverse effect on^ab trav,ole ‘ radUti “V 
Power available within the shelters will be 1 10 / 2 ^', ri 0 "' 

peah power AC ^ 

(2) Multi-Purpose Construction Vehicle 

advance party per aonieW^ after arrival of the 

vehicle, as shovm in Fie , H-6 The ™h ! P P ° Se construction 

general construction work to include the tLvtag'of 

excavation of sub- surface trenches, heavy cargo hanTiL „ ' 

- -*** 

light weight vehicle (4500 pounds) will POtentia1, the 

empty weight, it will be P^eredCtwo 4 hn 1 , UP ° ^ itS 

each rear wheel ^ electric motors, one at 

installed directly over the «a7axlT b , y a £uel ««“ 

wheels will be all metal and four feet in Gamete w"thTwz h ' 

shaped grousers to improve traction Th u- i 1 mch diamond 

>5 feet long, six feet wWe and six feet hUh * w^h ^ 

operated remotely by control transmission ‘cables or rad!o A r^"^, 

pressurized cab will be provided for th* „„ * / d °' A removable 

out a full lunar suit. Pr ° V ’ ded £or the operator so he may work with- 



mph for heavy Juty work anTup to 5^ h f ‘ BPeed ran e e UP t0 »'»« 
Attachments will iLlude fork lift aLT™, CTO *‘ ^try operation. 

winch, crane boom and power take off L ' U " d °“ r blade - 

power cane- off for other components such as a 
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ground auger. The work capabilities of the tractor with a bowl capacity 
of 43 cubic feet are estimated to be as follows: 480 cubic feet per hour, 
dozing over a distance of 250 feet; 750 cubic feet per hour, dozing and 
scraping combination over the same distance. These estimates are 
subject to possible substantial revision as more knowledge is gained of 
the characteristics of the lunar surface. Cargo -lift capability will be 
approximately '4-, 500 pounds to a two foot height with a 10 foot reach. 

As a prime mover, the unit will have a drawbar pull of approximate ly; 
50% of the gross weight plus ballast, " 



The cargo containers and quarters will be towed by 
means of a simple trailer body comprised of an axle yoke assembly 

fastened to the tank. Steel wheels will be the same size as on the 

• ^ . 

tractor for maximum interchangeability of components. An empty 
propellant tank obtained from one of the landed vehicles will be cut 
longitudinally in half with an electric power saw. This haLf mounted in 
the axle yoke assembly provides a trailer for transport of other packaged 
cargo and supplies, 

i 

Explosives will be used to facilitate excavation of 
trenches for the quarters and craters for the power reactors. Special 
shaped charges will make shot holes approximately three feet deep. 

Shot holes will be loaded with high explosive cratering charges to 
loosen material to an approximate five-foot depth and 14-foot diameter 
at the surface. The construction vehicle will remove the loosened 
material from the trench and the explosive pattern repeated to make 
the trench deeper. To bury the three tank compartments and have 
three feet of material cover, about 15, 000 cubic feet of material' mu st 
be removed. The construction vehicle cart remove this amount in 19 
hours and backfill h\ an additional six hours, after the tanks have beer* 
installed, 

(3) Quarter s 



The standard building block for the quarters will bo 
right circular cylindrical tanks 10 feet in outside diameter by 20 feet 
in length, similar in size and shape to the cargo compartment of the 
landing vehicle. These standard tanks will be used for both the advance 
party outpost and the final outpost. They will be of double- wall construe 
tion separated by a one- inch vacuum space filled with an insulating 
material having heat transfer coefficient of 3 x 10"^ Btu/hour square 
feet* Titanium alloy will be used for fabrication of the outer and inner 
skins. This material was selected because of its light weight, high 
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( ab ou\ 6 7% ^f 1 con'd "TTT reS ‘ 8 ‘“«’ “ d ^ dermal conductivity 
(about 77. of conductivity for applicable aluminum alloys). Metal 

floor plates pre-installed in the tanks will provide a walLay six feet 
wide. Similar plate will be installed as a eeilina J * 

below these plates will be used for utilities and storacr 6 * ° ve an 
The tanks will h* a • . 1 6 and storage compartments, 

ine tanks will be joined m senes as shown in Fig. H - 5 by means of 

flexible connectors which will permit a wait tv, , - • 

tanks The v , Permit a walk-through passage between 

facUiiieJ such aS ” g quarters wU1 cont ain installed 

t . n , 5 * ch as fold awa r bunk s. an electric device for food prepara- 

storage ^ff ^ ^ CabineU for P ersonal items and short period 

so that the 1 Wat6r ' A S6Cti0n ° f the fl00r deckin g will be hinged 

. , P ssagewa y to an Y adjacent compartment may be sealed in 

n n o d f :r n e b m ; rgency - Th r ir >«* •** ^ :«:£££ 

e end will be equipped with a six-foot long chamber in which the 

mean, m T l0Wered *» ab ™* »■ * P=i i» about 10 minutes tL 
* , ^ a PP roxima tely 1/2 pound of air will be lost whenever the 

outside chamber door is opened. Controls will permit opemng tte 

door only when the pressure in the chamber is 0. 2 psi or les/ c* -i , ' 

SayThlntheT ‘V” 6 inUri ° r ° £ the tank compartment can be d^nel * 
y the chamber air pressure is approximately 14.7 psi. 

(a) Quarters Heat and Light Requirements 

, The out P ost quarters will be heated electrically 

ductioT 7 The'h °t UaVe the inner Cylinder by b ° th radiati °» and con- 
through tJ S ret l uirements are low because the radiation loss - 

ugh the vacuum wall construction will be only 25 watts per tank *„H 

with the low heat conductivity of titanium and surrounding lunar material 

a l“r S « lU ab ° Ut 30 WattS ' Based on these calculations 
limit of 60 watts and an upper limit of 600 watts are established 

Heat losses will b. greater in the air lock than in the living ,": 
since one end of the lock will be exposed to the sky and will not have 

in the e a e ir chlmb Veri : S inSUlati ° n - Bo,h Auction and radiation lo.se. 
the air chamber increase, and calculation? indicate that the total 

and 1 000 watts“ lrement ^ 2 °^° 0t 1<>n * ‘“ k wiU »e between 200 ' 



1 h i 

a „ „ , Light required for each tank was calculated 

according to the following equation: 



Lumens = 



illumination x area of 



room 



utilization factor x maintenance factor 



h h . . . J . H 



I 






F ,°f. a ceill ^g reflectivity of 0. 8 and a wall reflectivity of 0. 6, the 
u i iza ion factor is 0. 4 and the maintenance factor is 0. 8. For a 200 
square foot and an illumination level of 50 foot candles, the number of 

^ZTo/elVcT \ 8 ab ° Ut 1 t' ° 00, ™ S ^ bC Pr ° duced b V about 300 
t . , f electrical power which under normal conditions will satisfy 

the neat loss requirements* * 

(b) Air Conditioning 

creation and control of an earth-like 
by^an ^ThT*** t* pr0vid * d in a11 shelters or compartments occupied 

time i?™ * T St Simple and reliable - "Mle « the same 

ime must embody relatively complex and sophisticated components 

w"tL u : ^ aUt0maUC ^ analySiS SyStem and -sociated control devices. 

would soonT COmpensatin g process - the composition of the atmosphere 
would soon become incapable of supporting life. Creation of such a 

compensating process is the objective of environmental control The 

system envisioned will provide an earth-like atmosphere with regard 
to pressure and composition. 6 

, . I" the advance party outpost quarters, a replace- 

men. type system will be used in which fresh oxygen and nitrogen are 

carbon d^ d SUPP H " req " ired *° replact! that “nsumed and/or lost; 
earlv water are continuously removed as formed. In the 

y ges of construction and occupancy of the initial outpost 

reLT;f a c l° rbentS WiU be used for and water lapor 

svrtel ufr“ b 'T“, 7 ' ‘ hU Sy5tem Wi “ be re P laced with a removal 
y em utilizing the low temperature freeze-out principle, or with a 

biological system. 

stored j n n Both oxygen and nitrogen will be transported and 

dins t 0 %; q T, e - ThiS Choi<:e is lo 8 ical con aide ring the high 
nitrooenl P°“n<ia /gallons for oxygen and 6.77 pounds /gallons for 

nitrogen), the ready availability of both substances in the liquid form 

and payload volume limitations. Because both substances hive extremely 
low boiling points (-2970 F for oxygen and -320°F for nitrogen at one 

rr, P l? , l ey mUSt be St0red and shi PP ed in Powder-vacuum 
(polll of matmi'af/”' 6 e . Vap ° ration rate and ator age weight-efficiencies 
hriar B e B nis hi Tf emP ' y ““"I var V aversely with tank size, 

old of 6 nnn 1 consistent ™th the maximum permissible pay- 
load of 6, 000 pounds was selected. The same type tank will be used for 

fact nZrThZ n “ r0ge "; InitiaUy * he tankS Wl11 be located ‘ho »ur- 
lace near the living quarters and coated with a reflective material 

^ ■ 
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Solar radiation will not result in excessive skin temperatures or 
cause evaporation in excess of consumption rates. When time permits, 
the tanks will be buried to protect them from meteoroids. The liquid 
oxygen stored in this tank will supply nine men for 120 days. Liquid 
nitrogen storage will provide nitrogen for initial pressurization of the 
three living compartments and meet nitrogen loss requirements of up 
to 1 pound /compartment /day for at least 200 days. 



Thls surface- stored oxygen and nitrogen will be 
use for three purposes: (1) recharging of lunar suit containers; (2) 
initial compartment pressurization; {3) continuous compartment loss 
replacement. Lunar suit container recharging of both oxygen and 
nitrogen will be accomplished by use of a small hand-operated pump 
and vaporizer which pressurizes the liquid to 2, 000 psi, vaporizes it 
at this pressure, and transfers it into empty containers. .Distribution 
to the living quarters will be effected by piping the liquid oxygen and 
nitrogen from the surface storage tanks to a point inside the quarters. 
Each stream will be vaporized, heated to 70°F, and injected into the 
compartment on a demand basis. For initial pressurization of living 
quarters, the liquids will be regulated through a vaporizer-heater to 
give a buildup to one atmosphere in about eight hours The heat 
requirement for vaporization is 0. 5 kw for oxygen and 1. 8 kw for nitrogen. 
After pressurization of the compartments, the oxygen and nitrogen 
supply will be regulated to satisfy the continuous replacement require- 
ments. Under normal conditions, the atmosphere will be controlled 
with regard to pressure and composition by a fully automatic indicating 
and controlling analyzer. This analyzer will be capable of measuring 
quantitatively oxygen, nitrogen, carbon dioxide, and moisture content. 

The instrument will be located in the living compartment and will con- 
tinuously sample the atmosphere, analyze it, and transmit signals to 

control valves and motors to correct any drifts in -pressure or composi- 
tion. r 



During the initial occupancy of the living quarters, 
carbon dioxide and moisture removal will be accomplished by cycling 
the air through a chemical absorbent and dehumidifier. A solid lithium 
oxide will provide a carbon dioxide removal potential of from 10 to 14 
days. Since this system requires the expenditure of a considerable 
amount of chemical import, a carbon dioxide freeze-out system will be 
installed after the quarters are occupied. 
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(4) Ground Support Equipment for Earth Return Vehicle 

The present concept anticipates that the first landing of 

nrr n r WiU be r COmpliShed - * T^e capable of returnlng^them 
to earth An immediate return is considered to be a semi- emergency 

1 \. y ,° y ' In the noririal case, this crew would wait until the next 
group of nine personnel arrive. The latter group will assist in checking 

There' vl‘]7h ”‘“7 Veh lf le “ d ‘ he firet tWO men wM ™turn earth 

nroTeet Th' 7 7" fligM eVery three 01 four months during the entire 

P J . The checkout and launch operation on the lunar surface will 

require special equipment as well as new techniques and "ocedur's! 

I 

assumntion that7* proposed equipment for checkout is based on the 
assumption that time is not a critical element in the checkout process. ' 

pounds'^' 77 T'; 1 ’ Wlth a wei ght requirement of several thousand 
pounds, dictates a development lead time of 36 months Ground handlie. 

b v n th ; 2> ooo - p ° m ’ d «»«•• a - 

epafe ^ - 

b. Basic Outpost (twelve men) 

t . v The arran 8 ement of facilities for the basic twelve-man out- 

beTs q ?ar« n ers! S each Zt^iolTTy^' 

beds willbe provided. The beds may be converted to work benc^or 

of the i jTf u^s 0 A C r Partm “ tS PrOVidl:d ’ °"e at either end 

accent ^ng^^ a 

77 r n t 

„ Containers with removable inner liners will be 
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Layout Basic 12-Man Outpost 
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. 11,6 £i£th in ' line tank contains the facilities for the project 
J , Spa ' e £or ontpost internal and external communications 

each ior I” T ^ “ int " C ° m W* 1 *™ with subscriber sets in 
ch tank for internal communication. Suitable equipment and instru- 

T‘~Z ^ Pr0Vlded t0 h ° USe and -PP-t the various 

n- , 1 ° n e ^ ul P ment planned for inclusion in the outpost This 

™ ai ° i «« —.earth ^ ^ ^ t s ion 

of the mr ll F net ^ ° th<!r ltem8, A mor « complete description 
tained ™ rf communications electronic system to be furnished is con. 

Win W h h P r, L volume. These instruments and controls 

, 'f ab °“ 1,600 pouruia and are sectionalized for manual 
installation after occupancy of the compartment. 

feet 1 Th ! pr °j ect °iiice wUl be a section of the tank less than 10 
eet long, with table and accessories necessary for recording and 

maintaining observational data, the outpost daily journal, and other 

ecords. An electrical power console also located here will permit 

t °: vr ° f OUtpOSt Utih ; tles - An ‘ype door will be provided in 

tank Th / geway iS tank l ° the ad J° inil >g medical laboratory 
tank. This door can be closed in event of an emergency or as a 

medical preventative measure, 

tahl a , The medical laboratory will be equipped with an operating 
table and lamp, cabinets and accessories for surgical and medical 

refHeT’tio' f 8ecure medicine cabinet, X-ray apparatus, controlled 
refr geration between -40 F and t 40°F, and necessary dental instru- 
ments and supplies. There will be a folding bed for recumbency of 
ne patient and a collapsible isolation chamber having a separate air 
culatton system for treatment of communicable disease cases The 
tank adjacent to the medical laboratory is a typical air lock tank with 
ir c amber to the outside which may be converted to a sick ward if 
required. The medical laboratory will also have facilities and supplies 
; j Sa , r ^ lor preventive medical treatments and personnel safety, 

of wlter ^ond T i - emS 18 SUrVey meUrS foP radiological monitorin, 
of water, food and environment, water disinfectants, instruments for 

ntl7T? mg baCtCri0l0gical ’ uali ‘y ° £ water and food, and other items 
needed to maintain the mental, physical, and spiritual welfare of all 



_ a , . 6 air lock tank ^joining the medical laboratory will serve 

carbon a ru "T* V / inal8 > bucket-type toilet facilities and activate 
carbon air filters for odor control will be provided. Urine collected 

in-removable containers will periodically carried to an 



37 



v 

r 



cessing and hald ** contemplated future pro- 

will £ ~ !u f, ! Wa8teS also collected in removable containers 
11 be periodically placed in an outside storage tank for subseouent 

mentTe* ^ pr0vid<!d in the air lock compart- 

Md a11 cleansins 

available f W1> “ tHe ab ° V ' C ° mpartme " ts have b »«> installed and are 
into .f occupancy as living quarters, the advance party will move 

nto the quarters provided in this basic outpost. Two empty ta"k. Tf 

the advance outpost will be converted to laboratories; one tl a bio- 

scence laboratory and one to a physical science laboratory The air 

llt T ZIZ T” Wm remain UnChan8ed ' A* 1 laboratory 

so that t’hey rtl^t ?££££ 

bio- science laboratory will be equipped for analytical chem^ry 
Therc tu?r ^ r adiological study and measurements. 

incubator distill' 4q “ ipmenl such as a microscope, centrifuge, 

tadmio ' f " 8 apparatus, photometers, titration equipment 
radiological survey meters, etc. These items are relativefy small 

rtrrr At e rlr ng H h |, tl r el r triC POWer and n ° Speci ^ inflation 

provisions. An enclosed hood that can be evacuated equipped with 
protected hand holes and mechanical manipulators will be installed 

pigs ^i^rrrrrr a3 — a 

be handled^ 

toTomTo 1 ^: 



specimens. 



(1) Physical and chemical characteristics of selenological 



cosmic ray^spectroscopy^ 3 ^^ 6 * ' JtraVi ° iat - gamma ray, and 

^id < b s L^:^;^zr««“r of pre38ure ' dea3ity> 



(4) Astronomical observations of the planets and 



stars. 
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(5) Measurements of magnetic field of the moon. 

(6} Surface and sub- surface thermal and mechanical 
properties, 

(7) Determination of lunar gravitational constant and 
seismic conditions . 



The completed basic outpost will consist of 10 sub-surface 
personnel compartments, three of which will be air locks partially 
used for shelter and operation of essential utilities. The electrical 
power supply will be increased by addition of one five kw and one 60 kw 
nuclear reactor (See Fig. H-9) to the 10 kw and 40 kw power supply 
a ready installed for the advance outpost. The five kw reactor, which 
initially was placed in operation for power to the first lunar personnel, 
wi 1 be relocated if necessary for power input to the basic outpost The 
four nuclear reactors will provide a flexible supply of power in the 
event shutdown of a reactor is necessary. In an emergency, the five kw 
reactor, alone is adequate to keep essential life support equipment in 
operation for 12 men. The air conditioning equipment for the basic 
outpost will be identical to equipment for the advance outpost. In 

emergencies one plant will be capable of handling the air conditioning 
requirements for the complete outpost. 



Empty fuel tanks will be utilized for storing bulk supplies. 
After one end has been removed with an electric saw, the tanks will be 
covered with excess material from previous excavations. This coverage 
will provide meteoroid protection and insulation from solar radiation 
Four of these tanks will be located near the entrance ramps to the 
quarters. Two tanks will provide storage space for the oxygen and 
nitrogen supply; one tank refrigerated storage for food and water, and 
one tank storage for explosives and other such materials. The tank 
openings will be oriented and shades improvised from scrap metal 
plates to minimize reflection of solar radiation into the storage areas 
With proper orientation (improvised shade and reflective door to reduce 
solar radiation i and thermal barriers to tank walls), food can be stored 
in one tank at sub- freezing temperatures. The multi-purpose construc- 
tion vehicle, shown in Fig, II- 6, and cargo trailer will transport the 
bulk supplies from the vehicle landing sites directly to the tank storage. 
The insulated containers in which the oxygen and nitrogen are stored are 
designed so that four of them may be readily placed in one storage tank. 
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Fig. II-10. Schedule for Initial Construction Camp 
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ig. II- H. Schedule for Basic 12 -Man Outpost 



Another tank will be sawed in half perpendicular to its 
longitudinal axis. This tank will be placed vertically on the lunar sur^ 
face with its open end directed upward. Lunar material will be back- 
filled around the tank to form walkway- type ramps. This tank will be 
used for storage of solid waste materials collected. The direct solar 

ra lation into the tank will help make wastes such as human feces 
innocuous. 

C. CONSTRUCTION PROCEDURE AND SCHEDULE 

K i 

The construction effort for establishment of the outpost must 

necessarily be initiated and executed with all possible speed as soon as 

the nine men arrive. Unless the construction is conducted in accordance 

with a carefully planned program, disastrous delays and incidents could 

occur that would result in failure of the entire operation and annihilation 
of all personnel. 

The construction is divided into three phases; the first (Fig. II- 10) 
to provide minimum essential requirements within the shortest possible 
time; the second, (Fig. II- 11) to expand the establishment to accommo- 
date additional personnel, provide additional working space and improve 
conditions beyond those absolutely essential for exi stance; and the third, 
to develop the installation to the point that extended explorations can be 

conducted with minimal support from earth (not covered in detail in this 
study) . 

Once the vehicles containing the materials, supplies, and equip- 
ment have been located, it will be necessary to unload and assemble 
the multi-purpose construction vehicle, the explosives, and two nuclear 
reactor power plants. With these essentials, construction will proceed 
according to schedules given in Figs. II- 10 and II- 11. 

The individual operations during the construction phase have been 
studied very carefully. No unusual operation is envisioned which can- 
not be handled by extending known techniques and skills. It is considered 

beyond the scope of this feasibility study to describe these operations in 
detail. ■ ■ ■ 

D. MEDICAL REQUIREMENTS v 

1. Medical Facilities (Installed) 

a. Bio-Science Laboratory. This laboratory will be utilized 
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for biological, radiological and chemical determinations as well as 

serve to meet clinical and medical needs of outpost personnel, In 

this regard it will occupy one compartment, with facilities built in 

to accomplish the tasks outlined above. Equipment will be included 

or centrifuging, incubation, autoclaving and sterilization. Electrical 

water, and exhaust systems must be incorporated, as well as provisions 

or humidity control and waste disposal. An environment of slightly 

lower pressure than the rest of the system should be considered in the 
design. 



b. Medical and Surgical Facility. This facility will be used 
primarily for treatment of disease or injury developed at the outpost. 

Specifically, design and construction should encompass 
the use of one compartment. Lavatory facilities and such features as 
sn a p-on shelves and tables are envisioned, as well as maintenance of 
the environment at the earth's atmospheric pressure. Provisions will 
be made for water and waste disposal. 



c. Medical Equipment. The medical equipment normally 
required to care for emergencies arising, plus normal day-to-day care, 
will also be provided. Basic requirements can be listed as follows: 

Operating table 



Basic instrument set 
Instrument cabinet 
X-ray apparatus 
Operating room lamp 
Medicine cabinet (secured) 

Controlled refrigeration facilities, limits between 
-40°F and +40°F 



J- 



Medical instrument supply and dispensary set 
Medical supply set; field, supplemental supplies 
Splint set, telescopic splint 3 
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Surgical instrument supply set, crew 

Surgical instrument supply set, individual 

Dental instrument and supply set emergency 
treatment, field B y 

Isolation. It would be verv desiraKia v 
complete isolation of psychiatric na f Y * ?? to have 831 area for 

cases. Specifically, this area will be S coinmunicab ie disease 

utilized for the surgical facility and oarpor at ed in the compartment 

recombency of the individual and f Provide for disposal of excreta, 

instance, V *«urity. In this latter 

and a window which will automaUcaUy clothe ***“’ 

chamber suddenly decreases. ^ th P ressure ir » the isolation 

2* Prevention 

al1 mechanuai ey,te ™ 

system will insure that water is 'w , environment. This 
that food is calorically and nutrir ii*' !***’ an< * ln sufficient quantity; 
Physiologically toieraWe, perml ” ,M y ^^le, 

monitored to assure that harmful ^olcttVe' materili' it 

personnel training capline Tto ^ 6 m ™ lves contin ual surveillance of 
are taken to protect against all m f Ure at ade q u ate preventive measures 
propellants, outpost e^pmenJ, ^ *' 

r el igi outtie ed s Ts° requi'r^d^^ins^r^ttn^th^ ^ reCreatioaal a =«vity and 
physicai, and spirituai needs of eac^ me " tU - . 

dispoal U^rfr^in" ^ ««* 

3. Treatment 

will be S* a “rgical treatment 

altered or modified by' the 



45 



* 

E. PERSONAL EQUIPMENT 



1 • Lunar Clothing System 



a. Metallic Body Conformation Suit 
having a substantial outer metal surface is 
several reasons: 



. A body conformation suit 
considered a necessity for 



It is uncertain at present that fabrics and elastomers 
can maintain a sufficient pressure differential without major leakage. 

It is desirable that protection be provided against 
meteoroid impact* 



to minimize 



It is necessary to use a highly reflective outer surface 
solar heat imputs. 



Protection must be provided against highly abrasive 
e ri s tic s of the lunar surface. 

Easy cleansing and sterilization are desirable. 

TJie essential elements (indicated in Fig. 11-12), and their 
characteristics are as follows: 

v . f . U) Underwear; cotton undershirt; woolen cushion- sole 
socks light impermeable urine and feces containers; cotton undershorts 
modified for compatibility with sanitary containers. 

i ,iv Main Suit: outermetallayer;inneranti-bremsstrah- 

lung metalkc layer; self- sealant, cushioning, impermeable inner lining; 

exi e shoulder, elbow, hip, and knee joints; artificial hand operable 
by controls inside extremities of suit arms; transparent face piece; 

hree- section construction - helmet, cuirass, trousers - the latter two 
separable into halves; insulative dust shoes. 

(3) Thermal, respiratory and communications systems 
required: Back pack containing compressor, expansion coils, suit air 
pump suit compressed air tank, oxygen tank, respiratory pump, CO, 
absorber, power source; radiative heat exchanger with connections to 
AC system; internal air distribution system; oxygen mask with connec- 
icns to external system and external trip to lift the mask as required; 
communications antenna integrated into radiative heat exchanger. 



> 






* ^ 
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ig. 11-12. Typical Lunar Suit 




] 



Preliminary calculations on the thermal balance of an upright circular 
cylinder on the lunar surface show that the total range of thermal load 
will be in the range of -200 to + 500 kcal/hour, Thus, the principal 
requirement is to cool rather than to heat the man. 

b. Lightweight Metallic Body Conformation Suit: For the 
early tentative ventures of man on the lunar surface, involving only 
short exposure periods, the outer metallic layer may be considerably 
reduced in thickness and weight, and air-conditioning equipment may 
be markedly reduced or omitted, or "ground" cooling utilized. 

c. Inflated Fabric Suit: An inflated fabric suit similar in basic 
design to suits currently under development for earth wear was con- 
sidered. However, currently available materials permit relatively 
rapid escape of gas to an external high vacuum from an internal 
pressure of 10 psi, are difficult to air-condition, and provide no pro- 
tection against meteoroids or ionizing radiation. This general design 
would have some advantage for short period emergency exposure 
enroute to the moon or in tentative preliminary excursions on the 
lunar surface. There are, of course, numerous possible designs for a 

lunar suit, and considerable effort is required before an optimum can 
be finalized. 

2, Load Carrying Syste m 

Slings and hooks on the lunar suit will permit a man to lift a 
load from the surface and carry it a short distance while steadying it 
with his artificial hands. Similarly, larger loads can be carried by the 
concerted effort of several individuals. Loads can be carried on the 
shoulder and elsewhere, secured by attachment to the hooks, if placed 
in position by someone other than- the man who will transport the load. 

3, Sleeping Equipment 

Light sleeping bags of conventional design will be furnished 
initially, (Bunks will be among the built-in furniture in the cabin com- 
partments.) Electric blankets will be available when adequate power 
supply is assured, 

4, Dining Equipment 

Until water recovery is established, personal dining equipment 
will be expendable. All food will be packaged in individual portions and 
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heated in the package. It can be eaten from the package or from paper 

Zllne : £-7 1,h f GR v S lateX ' TUmWerS " iU be mad « *»» ed poly- 

tyrene Knife, fork, and spoon will be made of special polystyrene 

Td \T : r reC0Very U eaUblish ' :d ’ metal or plastic noI-“- 

pendable dining equipment can be utilized. 

5. Hand Tools 

Where possible, reliance will be placed upon power tools 

ngineered for pse in the lunar environment. Where hand action has 

stau SdI 07 ^ ’b TT WU1 bC m ° dified lo =o^rm to the low gravity 
state. Special hand tools will be fashioned to maximize the capability 

of the suited man and overcome the effect of any reduction in flexibility 

carried on the outside of the suit, 

necessarv^W ^ ^ PU ^° Se ° f completeness of this study, it is 
necessary to determine, m addition to the Wr suit requirements the 

transportation requirements for the lunar suit from earth to the moon. 

Realizing that the weight of the suit could vary from 50 pounds to 500 

pounds depending on the design, the following assumptions have been 



(a) Suit weight - 200 pounds each 

(b) Suit life - 6 months 

(c) Spares - each man will be provided with two complete 

spare suits at all times. p 

•n x ^ d ?, A weight of 100 P^nds of suit spare parts and components 
will be provided and maintained for each man. components 

F. LIFE ESSENTIALS SUPPLIES 

y 

1 • Oxygen, Additive, CO z Remo val 

dav Tn°t^ gen T U . be rCquired at the rate of thr ee Pounds per man per 
day. In the early stages, this will be supplied in cylinders delivered 

from the earth. As soon as practicable, pssibly during the second year 
a recycling system will be set up in the shelter, utilizing algae or Jther’ 
green plant system, which will markedly reduce the further require- 
ments for importation of oxygen. Oxygen in tanks will still be required 
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by the individual in a lunar suit (approximately 1/4 pounds per hour 
required). 

At present there seems to be no very urgent reason to depart 
from usmg mtrogen as the diluent for oxygen. Any mechanical advan- 
tages that may be considered for helium would be offset by its greater 

ease of diffusion and hence leakage, and by the high demands upon 

available supplies. r 

Removal of CC> 2 in the respiratory circuit of the lunar suit will 
be by passage through an absorbent, such as lithium oxide. The weight 
of lithium oxide used approximately equals the weight of oxygen con- 
sumed. CO removal from shelter air will be accomplished in the same 

avJ’l w m8 the early P has es. When sufficient power for refrigeration is 
available condensation will be used or a biological system may be 
developed for CO 2 removal, 

Water 

j ' 1 “ st th J ee quar,s of Potable water per man per day will be 

f u Ml watar OUtput in excess o£ that taken in by food 

collected Ted ” the ktmosphere. This water will be condensed, 

auanttw ’ w i “ S , wa!hl "8. ‘hue removing the need for an additional 
quantity Water can also be recovered from urine and from washing 

r,r rtT dlstlllatlon - If recovered water is rendered potable, need 
fo. the three quarts per man per day will be reduced or eliminated. 

3. Food 

*™*>"*' ° f f °° d per man per day is P lanned for the outpost 
ration. All food will be sent precooked and packaged in individual 

^ b e Preserved by heat (-canning"), dehydration, or 
irradiation and, when freezer storage facilities are available, by 
freezing. Foods to be consumed hot will be heated by immersion of 
the Package in boiling water. As the water inventory builds up 
dehydrated foods can be favored to lighten the resupply load. When 

dehUrater r a m d/ Sri f linS ^ br ° iUng * uncooked meat will be irradiated, 

dehydrated and/or frozen. Men outside the shelter will be provided 

Ii l ther a of 00 5 m t° llaP8ible COntainers with shaped solid foods, 

internal n b< \ valved or locked “to the helmet without loss of 

pressure. It has been demonstrated that algae can be processed 

areaYsTh “ d n " tritiou * food > further development effort in this 
area is to De expected. 
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Previous experience has demonstrated the morale values of 
fresh salads. Vegetables for salad may be provided by hydroponic 

culture, using wastes as nutrients, at least in part, and converting CO, 
into 0 2 m the process, as with algae. Ultimately, plant wastes and 2 
algae can be used to feed poultry, which thrive in confinement and are 
relat^ely efficient energy converters, producing fresh eggs and meat.' 
nwhile, attention will be given to the use of fish and other aquatic 
nimals, such as Daphnia and mollusks, which normally feed on algae. 

4. Sanitary Supplies 



An initial inventory of 10 pounds of sanitary supplies will be 
needed (electric shavers, hhir clippers, nail clippers, brooms, 
brushes, towels, plastic pail, etc.). A portion of this inventory will 
require periodic replacement (detergents, disinfectants, deodorants, 
toilet paper, etc.). This replacement rate is estimated at 20 pounds 
per month, increasing to 40 pounds per month when the population 
increases from 2 to 12 men. Most of this increased allowance is for 

a disinfecting detergent to be used on the lunar suit on each passage 
mto or out of the shelter. 



5 • Medical Supp ly 

Routine medical and surgical supplies will amount to five pounds 
per month. It is likely that occasional special supplies will be in 

excess of this quantity. Average experience figures are a poor guide 

.tor a population of only a few individuals. 

G. SURFACE TRANSPORTATION 

The extreme lunar environment which so critically affects lunar 
suit design likewise presents many problems in surface vehicle design. 
The solution to these problems will require considerable research; 
maximum utilization of resources of originality, skill and experience; • 
and extensive testing in unique lunar environment simulation facilities. 
The multi-purpose construction vehicle previously described has many 
possible secondary functions in addition to its primary function of 
installing and maintaining the various outpost components. However,: 
this vehicle will be almost continuously occupied at the outpost site for 
e first several months; and these secondary functions such as cargo 
recovery, exploration, and surveillance can best be performed by an 
additional vehicle specifically designed for the purpose. , 
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** — nar Veh icl e Missions. W eight Limits, Mobilitv and 

Environmental Factors ~ ~ ~ — 

S 

Analysis of outpost transport requirements indicates a variety 
of possible vehicle missions including transport of the initial two-man 
party, cargo recovery, surveillance, search and rescue, ambulance 
service and light utility and administrative transport. Approximately two 
thousand pounds has been set as the limiting weight of vehicle 
accessories, and appurtenances such as an integral two man closed 
environment cab. Analysis of reasonably well founded theory on 
characteristics of the lunar surface indicates that no insurmountable 
mobility problems exist that would exceed the capabilities of wheeled 
equipment Auxiliary track kits can be provided to cope with possible 
ep loose dust areas. Lunar gravity enhances mobility in that vehicle 

rr contact pre8sures wm be mere 

nd both vehicle power requirements and power storage requirements 
are greatly reduced as compared to earth-based requirements. It is 
estimated that rather than requiring 20-25 hp per ton as do earth-bound 
off-road vehicles, a 2,000-pound lunar vehicle would need only five to 
six installed horsepower, and could probably operate over a 50-150 
mile range with about 10 hp hours power storage capacity. 

The best approach to meet these power requirements appears to 

be use of rechargeable batteries supplying power to an electric motor 
drive system. 



2 - Characteristics of Lunar Transport Vehicle 

As presently visualized, the lunar transport vehicle will be a 

ItZili h ?•' Sk i elet i° niz ' !d vehicle ° f light weight metal construction.' 
It Will be sectionalized and will have a chassis of approximately 6 x 6 

feet exposed and enclosed forward seats and controls, and rearward 

load deck The portable two- man cab or space-lock will incorporate 

n ? 8UPP ° rt elements “d communications equipment, 
ntttally the vehicle will consist primariiy of a single axle assembly. 

Uler wheel, necessary connecting linkage and seating arrangement for 

, aequently ' capabilities will be increased through the 
addition of a second and third axle assembly, connections, control links 
and cargo compartments. Each axle assembly will include electric 
motors, batteries, control system, and heat rejection equipment 
Considering a vehicle of approximately 2, 000 pounds overall weight 

i non 8 ' lo f d j carryin e ability !■ estimated to be between 1, 000 and 
,000 pounds depending on lunar surface conditions and cargo density. 
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It is estimated that with a total battery weight of approximately 500 
pounds and six each one-horsepower drive motor s, the vehicle can 
operate continuously for a period of 10 hours, and to a range of 
approximately 50 miles. 

Figure II- 13 illustrates a typical conceptual design of a lunar 
surface transport vehicle, 

H. ENVIRONMENTAL RESEARCH AND SUPPORT ACTIVITIES 

a 

Fortunately, the means for obtaining urgently needed lunar 
environmental data are within near future capabilities, and programs 
for lunar explorations are currently receiving considerable attention. 

A relatively few unmanned lunar landings will be essential; these will 
be multi-purpose in nature. These vehicles will be equipped to collect 
samples for examination on earth for telemetering certain information 
back to earth, and for depositing on the lunar surface such things as a 
mammal in lunar suit, homing beacons, scanning cameras, etc. All 
of this, along with information obtained by lunar and earth satellites, 
will suffice to fill the gaps and give completeness to plans for manned 
lunar exploration and for the establishment of a lunar outpost. Man 
will arrive on the lunar surface with a considerable amount of know- 
ledge concerning that body; however, there will still be a considerable 
amount of knowledge not yet unveiled. For this reason on-site study, 
data collection, observation, and verification of results obtained by 
probes will be essential. 

1. Essential Data Requirements 

A 

a. Probes 

(1) Physical 

Radiation: Exposures occuring from natural and man- 
made sources to be considered include radiations from cosmic rays, 
the Van Allen belts, the sun, natural background on the moon, 
communications equipment, and nuclear weapons and power sources. 
The character and intensity of cosmic radiation and its general 
biological effect in the earth’s atmosphere has been studied, but in 
space, knowledge in this area is virtually nonexistent. The Van Allen 
belts are vaguely outlined. The size, shape, and intensity and the type 
of radiation has not been established in terms of biological interest. 
Radiation from the sun is generally understood but the extent of soft 
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rays is not known. Nothing L known of the naturally occuring radiation 
around and on the moon. An evaluation of the spatial distribution ^ 

«- ,P rr*' intensity and time ° f ex Poeure, when combined wift 

totaTrtdiat 6 M e ‘ erm i ned by “ P °‘ i " g mammals, will enable the 
total radiation problem to be estimated within tolerable accuracy In 

telemeun:: tt"*' P °‘ tation, commensurate tith 

(prirdlanv b^ t 7 ^ USed measur ' f^mme, beta, and.neutrons, 

source o t T. *° cosmic *"d the existence of local 

will be Iw h v Pr ° be ’- m ° re "°I> hi »««ted instrumentation 

be used m mtas ' th '* amP ' min iaturised band spectrometers will 

measure the gamma energy spectrum, to estimate the beta 

of thf h f 6 T" 1 ’ a " d *° ma! " more exact detailed measurements 
0f ‘ he beta and fiamma doses. Also in later probes, more advanTed 

instrumentation will be employed to more closely measure the neutron 

dose and fast neutron spectrum. Data obtained from the early probes 

concerning gamma, beta, and neutron doses will be used as a basis for 

the experimental design of studies on other charged particles The/e 

“7or? WiU „ ind i de Pr ° t0n8 ' P08ilr °” 8 - ™ aad 

radiations principally of cosmic origin, 

, u= , „ , • Meteoroid Impact: Measuring the extent of erosion 

(using a strip gauge mounted on the vehicle) is necessary as well as 

™pact on the vehicle measured by. internal detectors recording hits. 

vehicle to 'll ln sulatedlaminated strip would be mounted on the 

venicle to study penetration. 



4 

handinH- 1 - T f r ’P eratur ' : Pr °bes will be used to obtain a broad- 
and thL .b lH k k * hermal rad iation. Temperature must be verified 

"f,, obtained for: ( 1 , the surface in full sunlight; in the 

(2) v'eh 1 ? 33 ar ° Und WHiCh fUl ' SU ” li8ht P re '' ails and during lunar night- 
ie Jt ? COm P° nenl -temperatures; (3) internal vehicle temperatures; 

1 . 1 f. sub ‘ 3urf ace temperatures with the determination of the 
thermal gradient of lunar sub- surface to the surface under conditions 

for Tt S r ark "' SS - A variety o£ s ° lid state devices are available 

pass f IterTtoltj '"i 11 ^ ^ ^ SeUctive absorber, and band- 
L, . . ° obtain spectral measurements. The evaluation will be 

extentTowMchva 0 envir °''mental temperature probiem and the 
xtent to which various surfaces are heated. The range from the 

vacuum ultra-violet to the far infrared will be covered at least to the' 
extent that any hazards are involved. at teast to the . 

H ,-T t 

■ ■ - 

* • * Magnetic Field: A determination will be made as to the 

existent^ ° r "°"‘ ***•*““ ° f * «*«“•«« field «d U. magnitude; if t ] - 
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nf tK r Surface at Landing Site: The hardness and composition 

of the surface at the lunar landing site will be determined. 

Surface Forms: A study of surface forms found in the 
unar landing area by high resolution TV scanning and by sampling of 
surface and immediate sub- surface material will be performed The 
roughness of the landing site will also be determined at this^me 

ST 1(1 . , Surface Conductivity: The conductivity, both thermal 

pressure*’ “ a “ erapt wiU be raade to e it 



D}l . r . _ Atmosphere: Depending upon the outcome of atmos- 

will" e ST” meiSUrement3 ' “ of lunar atmosphere 

. f , B eacon Planting and Location Techniques (from earth)* 

ura e e ermination of radio frequency beacon locations will be 
to permit soft landings in a predetermined area. * 

l 

Ionized Layers at Lunar Surface: A determination will 

be made concerning the existence nr „„„ „ • * , ^ minatlon 

„„ i 6 existence or non-existence of ionized lavers 

near the lunar surface as an aid in determining operating radio 

frequencies .of lunar communication systems. 

t 

, ^ adi ° Fre< l uen cy Propagation: A determination of the 
propagation factors versus frequency and distances will be made. 

Photography of the Lunar Surface: An earth satellite 
will be required for lunar photography. It will be equipped with a 

effect C ° Pe f I? an approximate on « meter aperture and 100-200 meter 
effective focal length with a vidicon camera and transmitter The 

camera will be kept focused and directed toward the moon The * 

orbital altitude should ha 600 km; 1,200 km is datable i„ ad d m“„ 

00^ wTb Satel f, e ' eaCh C ° ntainin ® a C “ “ below 

500 km will be used for providing more surface detail of the landine 
Sites under consideration. lanamg 

1 
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{2) Biological 

::sr r ? 

me might be implied by L&ng c e rta^comb cllb^TLf 

eoi^SioJf^w^ 01 * ° f tKe eXiStenCe ° f two elements in proper 

s J r ,°"' lacking an actual sample, could be found by means of a 

CZT;:ZZ T , si! 11 " 6 V** P °” ibli ^ ° £ ™“«y Hf. 

g tor example silicon rather than carbon as the basic element, 
b. On-Site Studies 

. Although information obtained from unmanned lunar orohe« 
W>11 largely determine the final design of eqnipmentTo, use by 

extended ' m ° St .° f ' he ^ ” ilUlly ° btained £rom probes will be 
extended in precision and range by measurement, conducted by 

personnel of the outpost. ^ 

(1) Physical 

bution nf 1 Temperature: Diurnal, seasonal, and latitudinal distri- 
precTsefy SUrfa " tem P“‘ ta « ™ U b «= -rifled and measured ™r. 

and earth light tm ^ 

4 

Ionizing Radiation: The beta, gamma, neutron and 
measurements of other radiations measurements will be verged . 

th . . , Meteonods: A grid-type system can be used to study 

lunar outmost'. pene,ration - and et ° si °“ at and near the 

to ohts- .• Selen ° 8raphy: MMally. a limited study will be conducted 

Ion as ifaVfec'ts tf °T ti0n < S‘ e ”» to « the features o” C 

moon as it affects the outpost. The chemical composition, electrical 



57 



L 



and tliernal properties, density, porosity, rigidity and particle sizes 

Tk Ce ! " fuI ‘ C,i0na of de P th and will be investi- 

gated. The vacation of some properties with time (perhaps cylic with 

lunar month) will be required in order to obtain these values as a 

function of temperature. During the investigations of the lunar surface 

and sub-surface, emphasis will be placed on possible future utilization 

oi sub- surface natural resources. 

verified TV GraV ?* y: The acceleration of gravity on the moon will be 

the t ‘ , w accomplished by a gravity- me ter survey near 

he outpost. Measurements will be extended from the outpost site as 
opportunity permits. V 

Magnetic Field: The existence or non-existence of a 

lunar magnetic field will be verified and investigated thoroughly. 

... Earth Observations: Primarily for purpose of 

telligence telescope having a 90 cm aperture or larger, with image 

can be used” ° b «rvation of the earth and sky photography! 

X i 

Lunar Survey: A limited lunar survey will be confWtz .,1 
using an established base line. Photogrammetric nipping te !hnfqu^ 
will be employed, possibly a lunar satellite, with stable orbit aid 
continuous pictorial transmission will be employed. 

, Pressure and Temperature: Data obtained from the 
arlier probes will be verified concerning pressure and temperature 

tirne!° mP0Sltl0n “ y «‘”°«Pl*»re as functions of height and 



(2) Biological 

, Psy Biological Reactions: Continuous observations will 

cL7o lrT a T S man ' 9 Wlking CapaCity ' P^^omotor perforiTance. 

scu ar function, appetite, sleep patterns, etc. {Confirmation 

^“be «!rieron wtr iCal ', ra ' i d i0l0giCa1, ^ biolo S lcal P™»e finding s 
ill be carried on with animal and other life forms. ) (Experiments will 

for Td d ifter the ° UtPOSt has been « rt » b «»hed Utiliz^ solar energy 
for food productton. Hydroponic, algae and fungal, mollul, ch em "" 

analog of photo synethe sis. ) ai 
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.s The f ‘ rst two rnen *° arrive on the moon will obviously have 
limited investigative capability. There wiU be an urgency to^test as' 

SSE as po “ ible - ^ 



a. Sensory Observations ’ 

(1) Visual 

* 

(2) Topography - verification of payload locations. 

(3) Terrain analysis and "atmospheric" analysis. 

(4) Determination of light conditions. 

(5) Tactile - Terrain consistency. Temperature gradient. 

(6) Equilibrium, balance and gravity effects. 



b. Equipment and Instruments 

(1) Radiation instruments, scintillation counter 
geiger counter. * 



film badge, 



(2) Telescope 

i 

(3) Chemical kit. 

\ 

(4) Biological kit. 

(5) Physical science kit, magnetic dip needle, gyro compasa 

(6) Meteorite counter, 

c. Biologic Observations 



, c « 1 ™ u »8 ^ observations will be made of physical and 
psychica 1 behavior of all personnel. Any ehange in behavior will be 
studied as to its relation to specific influences of the closed system 
environment and the lunar environment. Clinical observations will b. 
sent back to terrestial medical installations for interpretation With 



smaller limits, actual laboratory experiments may be carried out in- 
utl f P ° Bio-Science Laboratory. The effect of reduced gravity • - 

if exiBteit 81 ^^ 8 ^^ 8 W “ te Cl0 “ ely Radiation effects , 

yoast and iira! for^Hf" *“ ”* »“»• 
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(S) CHAPTER III: SPACE TRANSPORTATION SYSTEM 



when appropriate, until return to earth. Pre.ented are detailed ' ' ' 

vehicle, , 0 “rf °rane g “! ChanicS - o£ ,he «rM*l carrier and .pace ' 

t of transportation system integration aT1J j r* n 

nation of payload preparation and schedules. ’ V * an exdn,l_ 

A. FLIGHT MECHANICS 

Ia Trajectories in Earth-Moon Space 

earth * Th ® tra J ectory followed by a vehicle traveling between the 

launch or injection intoTfr^mght 0 ^i ^ lnt ° ‘ hl ; ee P hases: 

and the braking trajectory for laJrti ’ * free " fll 8 ht trajectory. 

The first oh*,. " Und,n 8 or recovery of the entry body, 

e first phase of this trajectory involvee taking off from the earth 

CclocUr“hf; d °l dln8 the T ehiCle WUh lhe re ’“ ir ' d ejection 
of the vehicle by retr^cW deCal " ati °" « braking the speed 

are d,scussed in more detail in a later ,Ltion ofTs chapt ,T ' , 

P m ai?f " r~ r r ^ ^ “ 

parabola, or a hyperbola depends on the energy level or the ?„***• 

Lies exceeding ^ ^ Mgh eMrgieS ~ "to., . 

load ' 

Z5£Z w iT uSS- 

» ana ieaa to, long transfer or coasting times u, ki,i. 

condftlon and ^ flight time” ‘”*1? de J iations in the Ejection 

cities and hi|her 
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A good compromise between the conflicting 

a parabolic path with approximate g editions appears to be 

illustrate the effect of various - ■ e ®. cape conditions at injection. To 

and the unbraked impact velocity ^a ° n the time in 0rbit 

sidered: the velocity flight *• 7 ' ^^ ber of trajectories are con- 

required for a low-Il'tituf Vi^ui',^ velocity, and the braking 

Table H-4 , Circular lunar satellite are given in 

82 ° for of the co ndithms ^ons^ de red ^Tra'je^t ^ *4 ^ Pproxirnatel y • 

which is the case of the parabola!, , Trajector y 4 (Table U-4) 

Proliie of a typical 

is merely to i mp a c t upon thTmoo^s ^rface^fotec^ion^ 6 d^ 6 ° bjeCtlV * 
accurate control of the initial * ", njectl0n guidance or 

at a predesignated location «.i» quate. ± or landing 

the terminate a mo” 

including midcourse and terminal capabUitfos' Thl ”" 1 “ 

during the terminal braking phase is limi * h maneuverability 

therefore, midcourse guidLce must h? AA t0 , approximatel y 20 km; 
accuracy within 20 km. 1 1ZSd t0 glve a land ing 

The problem of timing for lunar fliofctc. t 
The central angle from the launch site to foe o “ f importance - 

is approximately 225°, which is foe ? lunar arr ‘val 

trajectory plus 165° for foe free fl' hT° ° f 6 ° tbe power<id -flight 

declination of the moon's orbit !s * ” C ° aS ‘ ing tra > c *"y. The 

from the Atlantic MUsile Re . ip f rol “ ma ‘*ly tl8<>. To launch 

between 90° and 1800 Fo^" 8 ' th ? -^ires an azimuth 

are still ior\ PP , oxl ^y]^ y ToZ^ 

upo f arri - - b - - 

moon wii, he far below *» ^ ^ 

the circtmluna^^rajector^in^whfoh^h^ T h ‘ Ch Sh ° Uld be mentioncd «•' ■ 
flight to the earth, nis class of trs'. t MI ' Vehicle “• k « a return . 
accuracy problem's „L C / lrajector y pos « =»me guidance 
return trip to earth. V ° r proper r e-entry conditions for the 

2 * A sce ^t into 96- Minute Orbit 

orbit and'direct Escape Trom '° * 96 ‘ minuta ■ 

escape from earth. The vehicle was assumed to be ' ' 
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Table U-4 

flight time and velocity values tor various EARTH - MOON trajectories 



Trajectory 


Injection Velocity 
at Altitude of 
330 km 
(m/ftec) 


Flight Time 


Lunar Impact 
Velocity 
Unbraked 
(m/sec) 


Braking Require 
for Lunar 
Satellite 
(zn/sec)' 


Absolute minimum 
injection velocity 
i (perhaps inpossible) 


10,770 


10 years 


2, 325 


647 ■ 


Minimum velocity 
for direct elliptical 
transfer 


10,810 


5 day* 


2, 500 


t 

822 


Two and one -half day 
elliptical transfer 
trajectory 


' 10,860 
• 


2 l ft day* 


2,703 


1, 027 


Parabolic transfer 
trajectory 


10, 906 


51 hours 


2, 686 


1,208 


Usable hyperbolic 
transfer trajectory 


10, 991 


41 hours 


3, 179 


1, 501 




launched vertically; and after approximately ten seconds of vertical 
flight, a small angle of attack was applied to tilt the vehicle in the . 
desired direction. After about 40 seconds of flight time, the angle 
of attack was removed and the vehicle followed a zero- lift trajectory 
until first- stage burnout. During the flight of the upper stages, vari- 
ous values of angle of attack were applied to give the desired conditions 
for injection into an orbit or to escape from the earth, 

\ 

For injection into the 96-minute circular orbit, orbital alti- 
tude of 568 km (306. 6 nautical miles or 353 statute miles), injection 
was made via a Hohmann transfer ellipse. The first injection point, 
where the vehicle enters the elliptical transfer orbit, occurs at an 
angle of 90o with the local vertical and is the perigee of the transfer 
orbit. A velocity of 7929 m/ sec was required for an assumed injection 
altitude of 100 statute miles (161 km). The apogee of the ellipse occurs 
at the required orbital altitude of 568 km for the 9 6- minute orbit. 
Re-ignition of the final stage is necessary to provide a velocity kick 
of 116 m/sec at the apogee. Thus, the required circular velocity of 

7580 m /sec is attained at the second injection point where the orbital " 
conditions are attained for the 96~minute orbit* 

It was assumed that the three- stage version of SATURN II 
would be used for the mission of the 96-minute orbit. The trajectory 
data from lift-off to the first injection point is listed in Table II- 5. 

The velocity, altitude, range on the earth's surface, acceleration, 



T 



■ - "TW 






TABLE U-5 

TRAJECTORY DATA FOR 96-MINUTE ORBIT 
SATURN II {3 Stage) 



Time 

sec 



0 

12 

24 

36 

48 

60 

64 

68 

72 

76 

S3 

103. 54 
103. 54 



103* 54 
108. 04 
120*04 
140* 04 
160*04 
ISO. 04 
200. 04 
220*04 
240*04 

260.04 

280. 04 
298, 84 



298* 84 
320* 04 
340*04 
360*04 

400. 04 
440, 04 
454. 60** 

480. 04 
500* 04 

520. 04 
540* 04 
551, 11*** 
569.95 



Velocity 
tnj sec 



0 

40 

91 

155 

236 

336 

373 

414 

459 

508 

681 

970 

1308* 



1308 

1338 

1427 

1606 

1620 

2069 

2354 

2674 

3035 

3442 

3904 

4400 



4400 
4569 
4741 
4925 
5331 
5793 
5 979 
6320 
6612 
6928 
7273 
7479 
7B54 



Altitude 

km 



* Corrected for Earth 1 
** Maximum Summit 
*** Minimum Summit or 



0 
*2 
1*0 
2*5 
4, 8 
8.0 
9*4 
10.8 
12.4 
14.2 
20*4 
30*8 
30*8 



30.8 

34.0 

42.9 
56.8 
69 * 6 

81 .1 
91*6 

101.1 
110.0 
118,4 
126.6 
134* 6 



134. 6 

143.2 

149.7 
154. a 
161.4 
163 . 9 
164*0 

163.7 

163.2 
162* 8 
162*7 
162*7 

162.7 

s Rotation 



Range 

km 



Acceleration 

m/sec^ 



FIRST stage 

o I ' 
0 
0 

0*1 

0*5 

1*4 

1.9 

2.4 
3*1 
3*9 

7.4 
14*7 
14,7 

SECOND STAGE 



2.9 

3*8 

4.8 
6,0 
7,5 
9,1 

9.8 
10*7 
11,7 
12 * 7 
16.2 
21*2 



14.7 

19*5 

33.5 
60 * 1 

91.6 
128.2 
170*3 
219.1 
274,5 
337* 5 

409.0 
485* 0 

THIRD STAGE 

485.0 
577* 7 
668*4 
762. 7 
962,3 

1179.2 
1263. 9 
1415*2 

1541.2 
1673*2 
1811.6 
1 B91 , 7 
2032,0 



6.4 
6,3 
S. 0 
9.8 
11.6 
13*3 
15, 1 
17.0 
19*1 
21 * 6 
24, 7 
28.2 



7* 7 
8, 3 
8,9 
9*5 
10 * 8 
12,3 

14,1 
15*2 
16,5 
IB. 1 

20*9 



Flight Path 

Angle 

deg 



0 

*2 
2, 3 
6,5 
12.0 
IS. 1 
20 * 2 
22*2 
24,3 
26,2 

31.7 

37.7 
54*2 



54.2 
55*7 
59,6 
65,5 
70*5 
74*6 

77.8 

80.2 

81.9 
83,1 
83. 9 
34*2 



84.2 
85* 4 
86*5 
87.4 
88 . 8 
89* 8 
90,0 
90*2 

90.2 
90,1 
90*0 
90*0 
90,0 



0 

98 

469 

1180 

2145 

3005 

3169 

3252 

3117 

2900 

1976 

754 



754 

400 

292 

67 

17 

4 

1 

0 

0 

0 

*■ 0 

0 



flight-path angle, and dynamic pressure are given as a function of 
flight time. Correction for the earth's rotation was made at the end 
of the first powered stage to convert to an inertial system of reference. 
A plot of the altitude as a function of range is given in Fig. II-15, Two 
summit points were reached in this ascent trajectory. A maximum 
summit occurred at an altitude of approximately 164 km and a velocity 
of less than 6000 m/sec. A minimum summit occurred at the injection 
altitude of 161 km (100 statute miles) where the required velocity of 

7929 m/sec was attained. This trajectory shape is considered typical 
for ascent into a satellite orbit. 

3 - Escape from the Earth's Surface and 96-Minute Orbit 

a. Escape from Earth's Surface 

The trajectory for escape from the earth's surface is similar 
to that for injection into an elliptical transfer orbit, except that the 
flight path angle does not have to be 90° with the vertical. The injec- 
tion angle will usually be in the vicinity of 80° with the vertical. 
Generally, two summit points will be reached in the ascent trajectory, 
and the flatter the trajectory shape the more favorable is the payload * 
capability. Trajectory data for a typical direct escape mission are 
given in Table II- 6. A minimum point occurs at approximately 120 km 
altitude, and preliminary calculations show that no aerodynamic heating 
problems are anticipated at this altitude. Final injection occurs at an 
altitude of 330 km with a flight path angle of 80° and at an escape 
velocity of 10,984 m/sec. A profile of this trajectory is plotted in 
Fig. 11-16 where altitude is plotted versus range on the earth's surface. 

b. Escape from 9 6- Minute Orbit 

Another possibility for achieving injection into an escape 
orbit is to first enter a 96-minute orbit and then to escape from this 
orbit. This is a situation where limited amounts of payload in the 
form of cargo and personnel can be injected into a 96-minute orbit, 
and a space vehicle assembled or fueled in the orbit for flight to the 
moon or some other destination in outer space. Among other problems, 
rendezvous with the space station presents some navigational problems 
not ordinarily encountered. To accomplish the orbital rendezvous 
(contact with the space terminal), injection into the elliptical transfer 
orbit must be accurate and have the proper timing. Detection and 
correction of errors must be accomplished for proper matching of 
the space terminal orbit. Final vernier -type maneuvers will be 
required to obtain contact with the space terminal. 
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At completion of the fueling and loading of the space vehicle/ 
it will be launched from the 96-minute orbit at the proper time to 

make connections with its next destination such as a lunar outpost site. 
The trajectory data for escape from a 96-minute orbit are listed in 
Table II- 7, and a profile depiction of these data is given in Fig, 11-17. I 
Escape conditions are reached at the injection altitude of 1340 km,' a ' 
flight path angle of 74°, and the escape velocity of 10, 182 m/sec. 

This final escape trajectory was calculated with the assumption of 
zero lift which is considered very near optimum for this type flight 
path. It is a well known fact that for optimum escape a programmed 
angle of attack should be used so that at cutoff there is zero angle of 
attack, and during burning there is a very small inward thrust component. 
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0 


0 


12 


40 


24 


91 


36 


155 


4a 


236 


60 


336 


64 


374 


68 


416 


72 


461 


76 


510 


38 


6 B5 


03* 55 


979 


03-55* 


1197 



103. 55 
163.55 
223. 55 
283. 55 
298. 85 



298. 85 
322. 85 
382. 85 
422. 85** 
502. 85 
576.15 



576.15 

640. 1 5 

700. 1 5 

760. 15 
792.15*** 

860.15 

920. 15 
980. IS 

1040.15 
1097. 79 



1197 

1698 

2514 

3729 

4126 



4126 

4309 

4845 

5269 

6309 

7570 



7570 

7889 

8207 

8546 

8735 

9160 

9562 

9997 

10473 

10984 



0 

.2 

1.0 

2.5 

4.7 

8.0 

9.3 

10.8 

12.4 

14.1 

20.2 
30.3 
30.3 



30.3 
73.0 
110.7 
142. 7 
150.5 



150.5 

161.4 
177.8 
180. 6 
171.1 

153.4 



153.4 

140.0 
127. 5 

120.4 
119.3 

125.5 

144.8 

182.0 
243.0 

329.9 



FIRST STAGE 

o 2.9 

O 3. 8 

0 4.8 

. 3 6,0 

.5 7.5 

1.5 9.1 

2.0 9.9 

2.7 10.8 

3.4 11.8 

4.3 12. 9 

8.0 16,4 

15.9 21.5 

15.9 



SECOND STAGE 

15.9 6.2 

88.9 10,9 

205.9 16.6 

384.3 24. 6 

*42. 5 27, 5 

THIRD STAGE 

442. 5 7T3 

540, 7 8.0 

807,1 9,9 

1007.6 11,3 

1452.2 14.9 

1945.8 20.0 



FOURTH STAGE 

1945.8 4.8 

2429.1 5,1 

2901.9 5.5 

3404.7 5.8 

3666.1 6.0 

4263.0 6.5 

4812.6 710 

5383.5 7.6 

5974.7 8.4 

6560.5 9.4 



0 

.2 

2.5 

7.1 

13.1 
19.8 
22.0 

24.2 

26.4 
28. 6 

34.4 
40. 8 
51. 6 



51.8 
66.5 
76. 8 
82.2 
82. 9 



82.9 

84.6 
88 . 2 
90, 0 

91. 9 

91.7 



91.7 
91.6 
91.1 
90.5 
90.0 

88.8 
87, 3 
85. 4 
83. 2 
80. 6 



0 

97 

467 

1178 

2148 

3027 

3201 

3297 

3181 

2976 

2076 

836 



836 

9.7 

.0 

0 



* Corrected for Earth Rotation 
** Maximum Summit 
*** Minimum Summit 



Altitude 

(km) 




4. Landing on the Moon with Midcourse Corr^H™ 



. The last and probably the most critical phase of the earth t™ 
trajectory is the lunar landing. The final touchdown should be 



TABLE TT— 7 

TRAJECTORY DATA FOR ESCAPE FROM 96-MINUTE ORBIT 




proper location and should be very soft in order not to damage equip- 
ment or injure personnel. Without braking, the lunar impact velocity 
would be approximately 3000 m/sec, which is the resultant of the moon' 
velocity and the vehicle velocity in inertial space. The addition of 
these velocity vectors results in an arrival velocity at the lunar sur- 
face which is always hyperbolic or a velocity which is always greater 
than the lunar escape velocity. A simplified sketch of the lunar land- 

iw P £ aS f 1S , Sh ° wn in Fi S* n ' 18 * Fro ™ teis geometry, it is apparent 
that the leading part of the moon is favored for a landing. 
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Fig. 11-17. Escape from 96-Minute Orbit 

The maneuverability of the landing vehicle will be limited during 
the braking phase of the descent to the lunar surface. This limitation 
is due primarily to the limited fuel supply for this purpose. Landing 
at the proper location on the surface must be a function of the combined 
action and accuracies of injection and midcourse guidance. Only small 
corrections to the flight path and limited control of the landing point 
will be made during the braking phase because of limited time and 
power. During this phase the maximum horizontal maneuverability 
is approximately 20 km distance on the moon's surface. 

For final touchdown both lateral and vertical velocity components 

s ould be very low to obtain a hovering or very slowly descending flight 

near the surface. The propellant penalty for this final phase is small 

for reasonably short hovering times, and the control problem is 

simplified. To obtain proper touchdown at the desired location, various 

electronic aids will simplify the problem. One or more transponders : ' 

on the lunar surface and television playback to the earth could be' used' ' ' 
to assist in this operation. ... ...... 
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MOON 




A direct approach to the moon's surface from the parabolic 
or hyperbolic coasting trajectory has been assumed. An indirect 
approach is also possible where the vehicle first enters a circumlunar 
atellite orbit. Landing on the moon would thus be made from the low 

Tit* sateUlte orbit - From preliminary investigation it appears 
hat the indirect approach would be favorable only if propellants for 

the return flight to earth could remain in the lunar orbit. This approad 

is also more difficult from the guidance and control viewpoint. 
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5 * Direct Lunar-Earth Return Flight 



a. Trajectory 



flight 0r a retUrn trajector V to the earth from the moon, the 

ni g ht geometry will be similar to that of an earth-moon transfer, i 

he final phase of the trajectory the entry is made through the earth 

atmosphere in the direction of earth rotation. A sketch of the lunar 
return trajectory is given in Fig. 11-19. 

J ■■ 1 " l 





i 

1 



, In the return trajectory the most difficult problems will 

probably mvoiue the entry and landing phases, and arrival at a pre- 

the e'arth *° rd#r t0 U " d a ‘ the Proper location on 

the earth, the time of launch from the lunar site and the total flight 

.me from the earth to the moon must be carefully controlled. For 

he requirements to land on the earth irrespective of location the 

lunar launch time is not critical since the earth appears to be' very ■ 

Tn th J m tHe 1Unar Sky ‘ BU * f ° r Spot landin * a one-hour error ' 
n the landing time corresponds to an error in landing location of 

approximately 1700 km distance on the surface of the earth. However 

a variable lift re-entry vehicle could have a maneuvering capability ' 

of approx.mately 2200 km. This corresponds to an error in toe of 

and nluT 3 h ° UrS allowaWe «ror f°r the launch time 

and plus or minus one hour for allowable error in the transfer toe 

These allowable errors in time are equivalent to an error in injection 

velocity to plus or minus 12 m/sec which is easily obtainable Of 

course a midcourse guidance system will be utilized to alleviate 

,his problem. Moon-earth flight times are plotted as a function of 

lunar launch velocity m Fig. U-20, 

b. Entry Into the Earth's Atmosphere 

that t Several studies have been published recently which prove 
that atmospheric entry with escape velocity and aerodynamic braking 

stud Y £ea ? lh } e - For the P ur P os e of this project a preliminary 

Phetelnd r a d e 1 Speed “ tr y ° C a bod y ihto the earth's atmos- 
phere and landing on the earth's surface in order to obtain a repre- 

sentative trajectory. Several assumptions were made for this study 

The entry body was a spherically blunted cone with a nose radius of 

1 J"‘ h " \ nda t ™ cone an 6le of 13. 50. This shape is similar to 
that of the JUPITER nose cone. For very high Mach numbers, the 
drag coefficient was assumed to be 0. 28 and the lift force coefficient 
LZ Wa£ assumed 0 - 31 radian. The weight was assumed to be 
were m rf ’ reference diameter was 120 inches. Calculations 

mod l i e aS u Ummg a “ inUial al,itude ° l 100 km, and the ARDC 1956 

Tecto at T° Sphere Was " sed - Th « re-entry angles mentioned in this 
section of the report are with reference to the horizontal piane and 

are measured downward. The initial velocity assumed for these 

calculations was 11,000 m/sec* 

t A ? 1 °. dy enterin S the atmosphere of the earth without the 
application of lift is subjected to longitudinal decelerations which vary 
considerable degree with the angle of entry. The entry angle * 
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and the corresponding maximum deceleration that would occur at 
altitudes between 20 and 30 km are shown in Fig. 11-21. The large 
entry angles are associated with the low altitudes. For entry angles 
smaller than approximately 4. 8° the entry body will skip out of the 
atmosphere. At an entry angle of 6° the maximum deceleration en- 
countered is 17 g, which for the purpose of this study, is more than 
a man can withstand for the time period involved. This leaves a 
desirable entry angle variation of from 4. 8° to 5. 5°. The altitude 
at which the maximum deceleration occurs is between 25 and 40 km. 

By the application of modulated lift during the entry phase 
o the trajectory, the ranges of entry angle and altitude of maximum 
deceleration can be broadened and the maximum deceleration can be 
reduced. For a trajectory with an entry angle of 4° and lift- to- drag 
ratio of 0. 79 in a downward direction, a successful entry can be ob- 
tained with a maximum deceleration not exceeding 1. 5 g. 




Fig, 11“ 21, Deceleration Versus Angle of Be~entry Data 
for Earth Atmosphere (at 11, 000 m/sec velocity) 
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„ n ,. . . For * ntry an 6 les greater than 4° an upward lift force waa 
apphed during the first phase to keep the maximum deceleration It 

Whea the trajectory levels off, a downward lift force 
is applied to maintain a constant altitude or a slightly negative grad. 

velocity 6 the Uft^for^' ■ ^ *' 

hold thTdIOel“l^; t “ r le C vO UBed *° “ UPWlrd dir " ti0 ” * ; ; 

i ■ ; 

i . 5y , appl y in e 11118 technique, it should always be possible to 

keep the level of deceleration at a reasonable value for entry lOgles 

UP to approximately 8°. In Fig. 11-22, the altitude and de eleral on 
of typiea! entry trajectories are plotted as a function of flight ttae 
or three entry angles. 1 , can be seen that the most favorable Oa- 

ttT ^ — — -ry angles 

c. Aerodynamic Heating 

entrv into heatin 8 wiu P ose a difficult problem during 

ntry into the earth's atmosphere. There will be a high heat flow * 

rate from the boundary layer to the surface of the vehfcle wWch is 

somewhat proportional to the vehicle deceieration. By mimtautg 

temlerat < ^ eCe ^ e J ratlans ’ the energy flux can be radiated at high wall 
relatively requires a wel1 insulated vehicle capable 

of heat rIi««o aer ynamiC ThiS approa!:h *= the only means ' 

of th„ 1 „ , 1S J n °* C ° nSider<id favorable in this program because 

. ade K r 7 0id ; l0 '” lr “ C,Ure Wei S ht »«o. With very high decei- 
ts l 8 fl ° W rate WU1 be seated °ver a shorf period of 

time giving a relatively low total heat flow. This heat can L rf’c • 

pated by ablation of the surface layers on the vehicle For th* T 

entryproblem, a compromise will be reached be^een 

over a longer 7" tra3 ? C,ory with gradual temperature buildup 
rate for h . ' and e high deceleration ease with a high fllw 

su cessM e t ” a' “ U ' Stimated a ‘ tha resent time that 
of^e weight of the body avaiiable fer ablation 

J I. 

H i. - 

6 ' Q uldance and Control Accuracy Requirements 

.»» : ; 

operational tolerances ( 2 \ at-tair,=,ki , * 11 desirable 

1 {2) attaina ble accuracy of the G&C instruments, 
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TH4E (sec) 




F for Earfh ^ £ cceieration Versus Time Data 

for Earth Atmospheric Entry (11, 000 m/sec velocity) 



and (3) possible overall vehicle system accuracies. The first two 
factors listed above have been considered here in order to obtain tl 
guidance and control accuracy requirements. The possible system 
accuracies which are influenced by external disturbances and com 
promises between guidance and propulsion, have not been studied i, 

mater’iairT 1 ' 'M® eXp6cted that results <* such a study will not 
materially change the present requirements. 




The desirable and feasible guidance and control accuracy 
requirements are summarized in Table II-8. The tolerances and 

stated aC th 8 gl 7 n I"* the table are 3 o'- values*. Unless otherwise 
ed the velocity tolerances are equal in all three coordinates 

thus also giving the directipnal tolerance of the velocity vectors ' 

in ireCatorial table ’ Z TZ roentionad « assumed to b« 

Th» ■ - q ! cular 96-minute orbit at about 570 km altitude 

The injection velocity tolerances are baaed upon available guidance 
and control instrument accuracies, as well as 
considerations. ln S ht mechanics 



lead to lo l r a^~^“ “f £-* 

zt corrcct r 

guidance (See II, B. 5,. N o rascal im^en , t 

tri::;izz izzz availabie guidance and «-«* 

”«:rr-cb The p r osed ::t::z y :zr 

appro r;We%°f a l P a r eTl 6 ^ ““ COMro1 therefore. 

Difficulties are exacted fo !f f T m ° St PhaE6S of “« ™-eion, 

° P r e o n J 7’ and Ur e e P oss ible disturbances in the guidance scheme 

w^h^fu^rfe a”nd “T I™™ «• a PP-ent in cf^ction 

timp tni 8 d w d contro1 accuracy requirements: (1) the launch 

would e ^ ances or laun ch from an equatorial earth satellite orbit 
would be t one second, if no correction schemes were employed 

if a « , 01 • ° ne minute stated in Table II-8 may be attained 

and l a , e correctlon Scheme combining azimuth, pitch program 

further d C ev y i CUt0ff t 0 "?,? “ S “ ch 8 guidance scheme requires 

Wr "urflfi ft ( > The latSral *•*«•“* at ‘auehdown on the 

to take up anl Te • "ft " *** ““ Undin g g*« ™ust be designed . 

zzzzZp :: 7 with near ? arth escape vai ° dit >- «qu y ire p , air 

during entry could give the required final accurate., and furtLer 

increases in launch time tolerances may be feasible. 



* <r : standard variation. 
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B. ORBITAL CARRIER AND SPACE VEHICLES 
L Carrier Vehicles - SATURN I and SATURN II 

a. SATURN I 

1 

The SATURN I vehicle, shown in Fig. 11-23, consists of 
a clustered booster with 1 , 504, 000 -pound lift-off thrust, a twin-engine 
second stage of about 360,000-pound thrust, and a lox/hydrogen 
(0 2 /H 2 ) third stage of 30,000-pound thrust. The initial performance 
capability of this vehicle, based on the weights shown in Table 11-9, 
is 30,000 pounds net payload in a 96-minute orbit and 7500 pounds 
net payload to earth escape velocity. The upper stages are based on 
minimum modification of existing missile hardware. Additional 
performance could be obtained by a redesign of the upper stages. The 
booster itself (Fig; 11-24) is a clustered tank arrangement with eight 
tanks of 70- inch diameter clustered around a center lox tank of 105-inch 
diameter. Four of the outer 70-diameter tanks, located 90® apart, 
contain lox and the four remaining tanka contain RP-1 fuel. Structural 
loads are carried through the center lox tank and the four outer lox 
tanks. The structure is designed for recovery by parachute with water 
impact and return to launch site by a suitable ship. Propulsion is 
provided by eight North American Aviation H- 1 engines of 188,000- 
pound sea-level thrust each. The propulsion system is designed so 
that the vehicle flight can be continued with one or even two of the 
eight engines not operating. The second stage shown in Fig. 11-25 is 
a modified version of the TITAN booster. The engines are the Aerojet 
XLR 87, using lox-RP as propellant, with the expansion ratio of 15 to 
1 and equipped for altitude start. The third stage is a modified 0,/H 
CENTAUR stage. Propulsion is provided by two Pratt b Whitney 2 
RL-10 engines rated at 15,000-pound thrust each. The third stage, 
sized for 50,000 pounds of propellant, resulting in a near optimum 
staging, is shown in Fig. 11-26, 

b. SATURN II 

The second generation SATURN vehicle (SATURN II) is 
based on a modified SATURN I booster. The basic SATURN II carrier 
vehicle shown in Fig. 11-27 includes a 2, 000, 000-pound-thrust booster, 
incorporating eight 250,000-pound-thrust lox/RP-1 engines, a second 
stage incorporating two 500, 000-pound-thrust H 2 /0 2 engines, a third 
stage incorporating two 106 , Q00- pound- thrust H 2 /0~ engines, and a 
fourth stage incorporating one 100-pound-thrust H 2 /0 2 engine. 
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WEIGHT SUMMARY SATURN IMTUL CONFIGURATION 

96 . MINUTE ORBITAL VERSION ” 




Engine 

Propellant 

Thrust, lb 



Ispi sec 

Missile Diameter, in. 
Payload, lb 

Guidance Compartment, lb 
Guidance & Control, lb 
Fuselage, lb 
Propulsion, lb 



8 x H-l 

°2^-P-l 

8 x 188K 
258 (SL) 
256 

331, 632 



45, 000 
22, 400 





11 


HI 




2 x LR-89 


-f — 

RL-10 

1 




o 2 /rp-i 


0 2 /H2 




2 x 189. 5K 


2 x 15K 




303 (Vac) 


420 (Vac) 




120 


120 




62, 352 


30, 320 * 






500 




500 


1, 500 




6, 213 


1, 178 




4. 692 


1 

1 



Recovery Equipment, lb 


6, 000 


— 




Trapped Propellant, lb 


15, 500 


1, 160 


200 


Usable Residuals, lb 


7, 500 


2, 150 


1, 527 


Propellant Consumption, lb 


750, 000 


215, 000 


26, 000 


Structure Dry Weight, lb 


58, 500 


11, 405 


4, 305 


Structure Net Weight, lb 


80, 000 


14, 715 


6, 032 


Stage Weight, .Loaded, lb j 


830, 000 


229, 715 


32, 032 


Uft-Off Weight, lb 


1, 161, 632 


331, 632 


62, 352 


* Nominal 30, 000 lb 




■ 
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Fig. 11-27. 
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Although the vehicle shown in Fig. 11-27 illustrates the four- stage 
vehicle, various missions such as low altitude orbit (307 nautical miles) 
will be flown with only the first three stages] 

f 

The vehicle data presented in Table II- 10 is based on near 
optimum performance of a four- stage SATURN II for an earth- escape 
mission. Optimization studies indicate, however, that for a constant 
lift-off weight the performance of the vehicle increases with a reduction 
of booster propellant loading if the second stage thrust-to-weight ratio 
is kept constant. This results from the high specific impulse (420 
seconds) of the second stage, as compared to the specific impulse 
(260 seconds) for the booster. The reduction of booster propellant 
weight requires considerable increase in the size of the upper stages 
because of the increased propellant capacity which must be provided 
for in the upper stages, but more important, because of the lower 
specific gravity of the H 2 /(> 2 propellant combination. The increased 
propellant capacity for the upper stages also requires larger dry 
weights as well as higher stage thrusts, both of which are not neces- 
sarily desirable. It can be seen that if this procedure is continued 
(reducing booster weight and increasing upper stage weights) the result 
would become a three- stage H /O propelled vehicle rather than a 
lox/RP-1 booster with three C upper stages. This is true if 
propellant distribution by stages is the only parameter considered 
for vehicle optimization. Considering other parameters, such as 
vehicle availability, safety, vehicle geometry, development and opera- 
tional cost, and utilization of existing hardware, it is readily apparent 
that the solution would not be a large three- stage H 2 /0 2 vehicle during 
the required time period. One boundary condition used for the initial 
study of the SATURN II was that the booster propel the vehicle well 
through the high dynamic pressure portion of the ascent trajectory. 

The payload capability of the SATURN II, based on present 
feasibility studies, is as follows: 

H 

9 6- minute (307 nautical miles) 
orbit (3- stage): 70,000 pounds 

Earth Escape (4-stage): 26,750 pounds 

The SATURN II booster envisioned is a modified SATURN I 
booster requiring only minor structural modifications due to the 
increased thrust of the North American Aviation H-2 engines and the 
heavier upper stages (Fig. 11-28), The transition structure between 
the first and second stage will, however, require redesign due to the 
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Stage 

Engine 
Propellant 
Thrust, lb 






Table 11-10 

WEIGHT SUMMARY - SATURN II VEHICLE ESCAPE 

I II HI 

8 H-2 



o 2 /rp-i 

8 x 250K 
260 ( 8 . 1 ) 
256 

801,673 



°2/H 2 . 



o 2 /h 2 



2 x 500K 2 x 100K 



o 2 /h 2 

1 x 100K 



420(vac) 


. 420 


420 


256 


256 


256 


266, 274 


93,908 


26, 750 

■1 




- 


500 




500 


1, 500 


26, 000 


8, 400 


2, 800 


13, 000 


2, 600 


1, 300 



4, 500 








15,500 


4, 000 


800 


400 


6, 500 


4, 875 


1, 585 


3, 830 


650, 000 


487, 524 


158,481 


52, 978 


73, 300 


39, 000 


11,500 


6, 100 


95, 300 


47, 875 


13, 885 


10, 330 


745, 300 


535, 399 


172, 366 


63, 308 


1, 543, 123 


797, 823 


262, 424 


90, 058 



i 



Mia aile Diameter, in. 256 256 Z56 256 

Payl ° ad * lb 801,673 266. 274 93.908 26. 750 

Guidance Compartment, lb 

500 

Guidance U Control, lb 

500 1, 500 

Fuselage, lb 

46, 300 26, 000 8, 400 2, 800 

Propulsion, lb . „ 

22, 500 13. 000 2 , 600 1, 300 

Recovery Equipment, lb 4, 500 

Trapped Propellant, lb 15 , 500 4, 000 8 00 

o..w, Ke.id.mi.. ib 6 , 500 4, 675 . ! 585 3 8M •; 

Proponent Consumption, lb 650, 000 487, 524 158, 481 52. , 78 

Structur, Weight, Dry, lb 73, 300 39, 000 11. 500 6, 100 

Structure Not Weight, lb ,5,300 47.875 13.885 ,0,330 

Stage Weight, leaded, lb 743,300 535,399 172,366 63,308 

LUt-Oti W * igbt> l b 1 1. 543, 123 1 797, 823 262,424 ,0.058 

NOIE; Si trszz tz izz:i; “°dt * - 

have to be changed correspondingly, ^ lift-off weights 





ig. n-28. SATURN n - Booster 



large diameter of the second stage. The H-2 engine geometry, 

which is identical to the H-l with the exception of a new turbopump 

and other simplifications, is such that it can be interchanged with 
the H- 1 engine. 

Propulsion in the second stages is provided by two 500 K 

°2 /] *2 6ngineS ‘ ThiS arran S erne nt appears desirable; however, four 
0 Kengines could be used. The tank structure is pressure stabi- 
lized to carry the upper -stage weights since the pressure to meet 
lUrbopump requirements exceeds that required for stabilization The 
second stage is shown in Fig. 11-29. The third stage is pressure 
stabilized for the same reasons as is the second stage. Propulsion 
is provided by two 100 K 0 2 /H engines. The stage is designed to 
the same diameter (256 inches f as the orbit-to-moon vehicle into orbit, 
described later. For launching the orbit-to-moon vehicle into orbit, 
the vehicle will be mounted on the second stage of the transport vehicle, 
loaded with the propellant normally used in the third stage, and launched 
into the refueling orbit utilizing all three stages. After refueling the 
third stage which is now in orbit, the orbit-to-moon vehicle continues 
to the moon. The standard third stage is shown in Fig. II- 30. The 
first stage of the orbit-to-moon (third stage of the basic SATURN 
vehicle) is identical with those used for other missions except that the 
propellant tank volume is increased by 13 percent and the forward 
transition structure is designed for the second stage of the orbit-to- 

moon vehicle (a fourth stage when considering the original combination 
on the launch pad) which performs the lunar landing. 

The fourth stage (0 2 /H 2 ) is shown in Fig. II- 31. Trajectory- 
shaping requirements and gravity losses for this stage on the escape 
mission make a thrust-to-weight ratio of about 1. 2 desirable. 

k 

tKf\n nnr^ proposed for the upper stages of SATURN II 

(500 000-and 100,000-pound thrust, H 2 /0 2 ) are not now under active 

development, and accelerated development program for each engine 
is required for this program. 



c. SATURN II - Lunar Landing Vehicle (Direct) 

The lunar landing vehicle going directly from the earth's 

the 1Unar surface is shown in Fi g* II- 32. It is anticipated 
that high-energy propellants, which can be stored with minimum losses 

durmg the 51-hour trajectory time, are used for the landing maneuver. 

The actual landing technique, employing some hovering, and the 
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Fig. LI- 29 . SATURN U - 2nd Stage 
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Fig. 11-32. Lunar Landing Vehicle 
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guidance problems involved, are discussed in Chapter III, B, 5 There- 

fore, only a weight breakdown for the cargo version is given in Table 

II- 11, The nominal payload capability for a SATURN II vehicle is 
6000 pounds. 

It should be borne in mind that experience concerning soft 
lunar landings will be available from other programs; e. g. , the 

SATURN I soft-lunar landing vehicle. This vehicle can lakd between 
about 500- pound payload based on a landing vehicle using storable 

propellants, and, under favorable assumptions, about 2000-pound 
payload using high-energy propellants. 



Table H-11 

_ . „ „ ^ WEIGHT BREAKDOWN 

CARGO VERSION OF LUNAR LANDING VEHICLE DIRE 

(EARTH- MOON) 

Engine: Ht/Oz 30K Thrust-Level: (Controllable Thrust) 
Payload and Payload Capsule (Including Compartment) 
Guidance End Control 

Allowance for Weight Increases 

Total Structure (Including Engine /Landing 

Gear /Hydraulics /Electronics /Etc, ) 

Propellant 

Total Weight B Escape Payload of SATURN II 



6, 000 lb 
2 , 000 



540 



2, 970 



15, 240 
26,750 



2. Orbit- Launched Space Veh icle 

Figure 11-33 shows the orbit- launched lunar vehicle, as it 
would appear before leaving the orbit and Fig. II- 34 illustrates the 
vehicle which would ultimately land on the moon. The 48,000-pound 
payload shown in Fig. 11-34 is a manned earth return vehicle. This 

is brought to the 9 6- minute orbit by a SATURN II vehicle, and is re- 
fueled from orbital payload packages. 

v . TJ 1 .® v ® hlcle is a tandem three- stager, the first stage (high-energy) 

being utilized to escape from orbit. The second stage - also high-energy 
provides for the lunar landing, and the third stage, a storable, 
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Fig. 11-33. Orbit- Launched Lunar Vehicle 
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liquid- propellant rocket vehicle gives 

A weight summary is given in Table 0^2 Capabilit * 

orbit ism utilized the fir^°s d , ** *T^ g 11,0 ort “-l^ched vehicle to 
in place of the ttird s m“of Z ° st ? W vehicle 

It is desirable from the performan^ ^ ^URN 11 transport vehicle, 
of the orbital-launched lunar vehicle tw7c"e ° fi V1 * W ‘° u * e a lhird s ‘»g« 

SATURN II for transfer into orbitftheT r^e it " H * * **** 

departure maneuver from orbit <« * 1 / V* and USe again 'for the 

weighs 47.500 pounds a^pre^mateTv ZZ SO^" 1 ^ 1 “" VehicU 

can be carried directly into orbit in the r POU “ ds ot “torable fuel 

up the 70,000-pound payload cansh-i-^ earth " return stage to make 

P na payload capab.l.ty of the SATURN II carrier vehicle 



WEIGHT SUMMARY OF ORB^T- LAUNCHED LUNAR 
Thrust to Leave Orbit, lb 
Weight from Orbit, lb 

i* 

Cutoff Weight, lb 
Tankage, Engines, etc,, lb 
Ignition Weight, Lunar Landing, lb 
Cutoff Weight, lb 

Tankage and Engines, lb 
Thrust, lb 
Gross Payload, lb 
G&C, lb 

Active Payload Package, lb 
Therefore, per round trip, 

400, 0 00 ,, , 

30,000 13. 3 successful SATURN I or 



VEHICLE 

200, 000 
400, 000 
160 , 000 
20 , 000 
140, 000 
60 , 000 
9, 000 
100, 000 
- 51, 000 

3, 000 
48, 000 



400, 000 

70, 000 ' 5 ' 7 “ucceseful SATURN II vehicles are necessary. 

This must be compared to the eieht SATURN ttu *t , . 
paragraph m. B. 4. ^ RN n * mentioned in 
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Fueling of the lunar vehicle includes 240,000 pounds of 0?/H, 
for the first powered phase or orbital escape, 80,000 pounds of 2 
0 2 /H 2 for the second powered phase or braking maneuver and 
10,000 pounds of storable fuel for the return mission which brings 
the orbital take-off weight to 400,000 pounds. 

Alternately, the entire orbit-launched lunar vehicle could be 
brought into orbit by a standard SATURN II (utilizing its own third 
stage), ' fueling completed in orbit, then dispatched. 

Orbital Return Vehicle 

The vehicle for servicing an orbital station and/or platform 
W i n ?* a re ~ entr y bod y containing a storable liquid- propellant engine 
which furnishes the required impulse for rendezvous (orbital man- 
euvering), and retro-kick for returning. The re-entry body would 
contain seats for returning men, instruments for communications and 
re-entry maneuvering, and survival equipment. It will be capable of 
housing a few men for short periods of time and so become a temporary 
satellite itself. For longer periods of time and with more men 
additional housing must be provided, such as empty propellant con- 
tainers fitted to serve as living quarters. Many of them could be 

arranged so as to provide ideal housing for a large space crew in 
orbit: a space platform* 

The most promising re-entry scheme that can be operational 

l “ " re \ to four **“8 appears to be a ballistic re-entry using body-lift 
Although this scheme does not have the full maneuverability of a glide 
vehicle, it does have sufficient maneuverability to correct for re-entry 
dispersions. This will allow preselection of the landing site within 
the orbital plane, with a high degree of return accuracy. A return 
accuracy of a few miles is desirable for crew safety and reduction of ' 
ground crew strength required for routine recovery operations. In 

an emergency, of course, there would be little regard paid to the 
landing site location. 

A typical orbital re-entry vehicle utilizing variable body-lift 
is shown in Fig. II- 35. Normal capability of this vehicle is ten to 
1 men. For transporting ten men, the vehicle could carry an addi- 
tional 1700 pounds of cargo; and the men would have more space in 
the cabin. A crew of ten men has beeri recommended for orbital 
refueling of a manned- lunar- transport vehicle. The ten men would 
be housed in the re-entry vehicle and in an attached, converted 
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propellant tank, which is referred to here as "minimum orbital station" 
and is discussed shortly in Chapter III. B. 9, 

TiTTirn^ 11 ® orbital re-entry vehicle has a configuration similar to the 
JUPITER nose cone, and is controlled during re-entry by flaps attached 
to the base of the cone. The nose of the vehicle contains instruments 
for guidance and communications, batteries, air bottles, and other 
heavy equipment with the men located in the mid and aft sections of 
t e vehicle. The parachutes for recovery and the airlock are located 
on the aft bulkhead. The orbital -return vehicle as payload of the 
orbital- carrier vehicle is shown in Fig. 11-36. The return vehicle 
shown has the re-entry body reversed and a 6K JPL storable liquid- 
propellant stage attached to the nose. This illustration shows the 
aerodynamic shroud with escape rockets, for launch and ascent 
emergencies, still attached. 



Since the shroud and escape rockets are used only for ascent 
emergencies, they are jettisoned after second-stage ignition is assured 

i?^T rie ' V ° hiCle 8h ° Wn iS 3 tw °-* ta g e SATURN I using the modified 
TAN as the second stage. The payload has the 6K JPL engine for 

maneuvering and retro- impulse. The two- stage SATURN I vehicle 

U k ‘ C . k 21 • 000 P ound! °t payload. The three-stage version, 

if u.ed for thiB mission, could orbit 30,000 pounds in a 307-nautical- 

mile orbit, which would leave approximately 10,000 pounds of cargo 

to be delivered to the orbit in addition to the orbital return vehicle 
and personnel. 



4 - Lunar- Launched Return Vehicle 



There are two promising possibilities for return to earth from 
the moon. One is to assemble a return vehicle on the lunar surface 
from payloads launched directly from earth to moon with SATURN II 
vehicles which requires eight successful direct SATURN II flights. 

The other is to sue a return vehicle which has been brought to the 
moon in one piece by orbital technique as described earlier. In both 

cases, a storable propellant of 300 sec I 8p (vacuum) has been assumed 
for the lunar take-off maneuver. 



The return vehicle will not be staged, since the performance 
required to leave the moon is rather low--about equal to a ballistic 
missile with a 400-mile range on earth. But because of the vertical 
re-entry and aerodynamic braking phase during flight termination, 
ample propellants for midcourse correction will be carried (200 m/sec). 

\ 
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Fig. 11-36. Lunar- Launched Return Vehicle 
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Total velocity requirements: 



Launch from Moon 
G-Loss 
Midcourse 
Outage and Reserves 



2886 m/sec 
200 m/sec 
200 m/sec 
244 m/sec 



3530 m/sec 

’ « 

The orbit- departing lunar landing and return vehicle is shown 

as it would land on the moon in Fig. II- 37. Shown in the inset of this 

figure is the lunar landing vehicle with the braking stage and landing 
pads. 



Characteristics of this lunar return vehicle are given in 
Table II- 13. An alternate method, to the orbit- launched lunar landing 
return vehicle, of providing a lunar-earth manned return capability 
employing only direct trajectories for SATURN II as a basic carrier 
vehicle, can be accomplished by lunar assembly as follows. The 
SATURN II direct lunar landing capability of 6000 pounds would be 
used to deliver a return capsule to the lunar surface, with personnel 
if desired, as shown in Fig. II- 38. Seven additional flights, each 
containing a payload composed of a 6000 -pound thrust, engine and 
storable propellant tank, with 5000 pounds of propellant, as a pre- 
packaged unit would be delivered to the moon, as given in Table 11-13, 
The lunar landing vehicle's engines and tankage would be replaced by 
the prepackaged units, resulting in a vehicle capable of returning the 
6000-pound capsule to earth as shown in Fig. 11-39. 

5. Guidance and Control System 

The guidance and control (GScC) systems used for the SATURN I 
and. II vehicles, and for the various missions of this program, are 
combinations of inertial, radio- inertial, and celestial- inertial, using 
vehicle-borne and earth-based computers in integrated systems. For 
several phases of the various missions, the guidance system will 
initially rely upon a radio communications system (see Chapter IV) 
capable of transmitting data from the vehicle to an earth control center, 
and commands from the control center to the vehicle. Ultimately, a 
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Table E-13 
SUMMARY OF LUNAR-FAR' 



Manned Capsule: 

Cargo Capsule: 

Thrust, one engine 
Engine Weight 
Propellant Weight 
Structure, etc., Weight 



Combination of: 

1 Manned Capsule 
7 Cargo Capsules give 
Launch Weight 
Cutoff Weight 

Orbit Departing Lunar Return Vehicle 

Manned Capsule 
Thrust 

Launch Weight 
Cutoff Weight 



8, 000 lb 



6, 000 lb 
420 lb 

5, 000 lb 
580 lb 

6, 000 lb 



50, 000 lb 
15, 000 lb 



8, 000 lb 
40, 000 lb 
46, 500 lb 
14, 000 lb 



IL‘put e " i |GPCMr^ P r d ' i\ WhiCh the ««“">>»•<* genera, purpoe. 
mputer (GPC) is replaced by a vehicle-borne digital universal 

Lee f ' 6 C ° m ? Uter Wlth in P ut and output adapters tailored to the 

rr cm ; ss, °"' As £ar as otc is «■«•»*. the .y,™ 

then be independent of a communications link to earth. 7 

ivitho.,1 The Gtc aystem win be designed for automatic operation 

is essential^ f L in,erVeatio " durin « ‘ b « flight. This feature 

and the ’ U5e maj0rit V °f the flights will be unmanned 

crew aboard Pm p COnlinue *° Action with a disabled 

rittnem. , manned flights, however, some displays and over. 

imLLTd a ?enL C MH,;° 18 ^ ”“ U a " U * bl - ”<«« *° ^-in 

„ ra f ^ he . contro1 of the motions of the vehicle about the center of 
gravity during the powered phase of flight would be based upon 
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intelligence furnished by the G&C equipment in the' payload or upper 
stage and possibly additional equipment located in the boosters. 

i 

For the design of the GtC equipment, the assumption will be 
made that the following prerequisites are available; 

" J 

{a} A common time standard. ■ 

(b) A global communications system, such as the 24- hour 
satellite communications system, providing, communications between 
the vehicles and the earth-based control center (see Chapter IV), 

(c) An earth-based control center, with at least one GPC that 

can be programmed according to the requirements of the various 
phases of flight. 

J n 

{d) Earth-based tracking stations, suitably arranged and 
synchronized (see Chapter IV). 

{e) Variable settings for azimuth, pitch program, and power 
cutoff in the vehicle and ground support equipment. 

(f) Ephemeris of the earth- satellite in the transfer orbit. 

(g) Homing beacon or transponder in the earth- satellite in the 
transfer orbit, 

(h) Transponders on the moon in known locations relative to 
the selected landing site. 

With these assumptions, the main features of the proposed G&C systems 
may be summarized Table 11-14. It is seen that the G&C operations 
generally can be broken down into the preflight, injection, midcourse, 
and terminal phases. During the preflight phase, the precomputed 
guidance values (azimuth, pitch-program, cutoff velocity) are played 
into the guidance equipment; the laying operations to line up the inertial 
platform are performed; and the star-trackers are preset for proper 
acquisition of their targets (for moon, planets, sun and/or other stars). 
The injection phase begins at lift-off. The cutoff equation will be solved 
for the individual trajectory being flown either by vehicle-borne equip- 
ment (inertial guidance computer) and/or by radio- inertial means and 
the earth-based GPC. An active midcourse phase must be employed 
to correct for injection errors f if the resulting accuracy of the injection 
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phase is not sufficient to give acceptable tolerances for the beginning : 

of the terminal phase. For the longer flights in earth-moon space 

this midcourse correction could be based upon position and velocity 

information derived from the three star- trackers aboard the vehicle 

This will eventually lead to a guidance system that is independent * ' 

of vehicle- earth- vehicle communications. Initially, however, radio-; 

tracking and ground computations will be used extensively so that 

vehicle- earth- vehicle communications are essential for this guidance 
phase. ■ 



During the terminal phase , the guidance will be "target- oriented " 
For example, during the powered terminal maneuver in-flights to 
orbital rendezvous and to the lunar landing site, line- of- sight infor- 
mation {rotational velocity of the line- of- sight and distance) will be 
used to steer a type of proportional navigation course, with essentially 
zero differential velocity between vehicle and target at the end of 
terminal phase. The G&C requirements for manned re-entry flights 
with satellite velocity, and particularly with escape velocity for earth 
recovery in preselected areas , will require further development work. 

•t\ S expected that sorne information and experience on this problem 
will be obtained from other programs in the near future. 

6- Guidance and Co ntrol System Availability 

- V" block dia g ranri ° f the proposed G&C system is given 

in * ig. 11-40. This system relies on components that are either readily 
available or in the development stage. Only a little fundamental re- 
search will be required; the development effort will consist mainly 
of modifying, adapting, packaging of components into the proposed 
instruments, and integrating these into the complete system. In the ' 
following, a few of the more important components are given that 
would require development work of the type indicated. 

a. Star- Tracker, Lateral Photocell 

■L 

The star-tracker and lateral photocell will be an optical i 
system that employs a semi-conductor photocell as a sensor. If the 
image of the star (in the general sense) is not centered on the surface 
of the photocell, an error signal is generated in two (lateral) coordi- 

nates (X,Y). The error signal is fed into two servo drives which 

keep the image of the star centered on the cell. The angles resulting 

from this servo operation are relayed to the computer via two digital 

readout encoders. Three star-trackers of this type will be mounted on 
the vehicle. 
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b. Velocity and Attitude Control Computer 



computer system will compute and^e d ^ V * l0Clty and attitude control 
attitude control. It will also Dro V d re< l uired signals for the 

initiate ignition, swivel thrust c o'ntt & 1 COm P uter section to 

engines. Main development problems in Td termination of tbe 

computer and servo resale de design ° f *gital 



c. 



Guidance and Approach Computer 



system Will cornpute and s^ncTsie^t g ' Udance and a PP r °ach computer 

control computer Also Twil l * V* ° ““ V6l ° City and attitud « 

directions in ord„ T aCCeUratioas * lateral 

During approaches, it will reduce ve^ocit^ 8 *? f. 0rrectl0n man euvers. 
taneously. Main development problems il Ta to zero Simula 

computer and se rvo loop de e s n ign, r0blemS advanced *8**1 

d. Guidance and Attitude Programmer 

precomputed G&C inf o tf ? rograirilner system will store r 

various phases of a fligTt Thu^ ItT S ° 1Utl ° n8 

may be obtained, in contrast to a O °f * °" precorn P uted trajectory" 

opment problems include design o^the ™ The main d «vel- 

design of the memory devices and miniaturization 

e * Stabilized Platform 

three-axis stabilised platform 1 with ftill '/rTedo ' 1 C °“ SiSt of a co ™plete 
axis in each coordinate, three high-weeis t" d reduad ant program 

high-precision accelerometers thrfe i , “ rbearm * gyros, three 

the entire flight/ 'and , wfll fu nTsTsTg^s^^ 

attitude control and guidance Th. L* \ , computers for 

Packaging. g * The development program is \ 

f. Attitude Control 

1 ■ ■ ■' 

by means “* «“*~1 tnaneuvers 

urge aistu^,T^ “o 
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providing proportional control of 0 to 30 pounds of thrust per axis 

(for small disturbances). The system will be located in the forward 

section of the vehicle to serve all phases of flight with one system. 

Main development problems include adaptation and packaging of 
currently available systems, 

g. Beacon Resolver 

As part of the overall tracking system, this beacon resolver 
will receive signals and resolye angles from transponders on the 
rendezvous satellite or on the lunar surface. It will determine position 
and possibly velocity of the vehicle relative to the transponders and 
will feed this information into the guidance and control computers. 

h* Map Matcher 

A map matcher would assist or replace the beacon resolver 
The instrument would compare pictures on the principle of area 

matching, its outputs being fed to the guidance and control computers 
uring approach. It could work on a continuous or intermittent basis, 
t appears to be possible to build some logic into the map matcher, 
xtensive development work will be necessary, particularly for the 

sensor designs, which must be suitable for approach to the bright 
and dark lunar surface, 

i. Television 

A TV system could be used as a replacement or to assist 
the beacon resolver, or the automatic map matcher. This equipment 
would transmit a picture back to the earth-based control center, where 
corrective maneuvers or the decision for landing could be supervised 
and/or intitated. Development problems include near real-time 
transmission of pictorial data to a control center {possibly on the other 
side of the earth, involving a high power broad-band communications 
link), and provision of a larger power supply system aboard the 
vehicle and/or a directional antenna aboard the vehicle {to track the 
earth). Solutions to these problems are known to be costly. The 
possibility of hovering close above the lunar surface lessens the 
magnitude of these problems somewhat. 
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7 ' System Improvements and Vehicle Optimization 



In establishing the initial payload capabilities for the orbital 
• and escape missions for SATURN I and II. it was felt that values 
used should be conservative and guaranteeable and that they should 
represent effective payload. '■ In other words, these figures do not 

include any instrumentation or payload container weights, nor do they 
represent an "on-the-ground" type of total weight figure. They 

Fo C r thl; reLTV equipment, if applicable, 

and 70 non d th f values of psy^osds of approximately 30, 000 pounds 
27 non’ 000 j° Unda f ° r orbltal capability of SATURN I and II and of 
27 000 pounds for SATURN II escape are used. A complete vehicle 

optimization study ,s expected to result in increased payload capabilities 

In addition to the above noted performance increases, due 
primarily to shifting of propellants and staging, it appears that further 

to-weirht nCe i mCreaSeS WU1 bC realiZed throu * h the d high strength- 

8 a io materials, re-use of components, state-of-the-art 
development improvements in components, and in a lengthening of the 
1-hour earth-to-moon trajectory to approximately 60 hours. Pre- 
minary calculations indicate that the soft landing capability of SATURN 

timeaTlT approximately 20 percent by lengthening the trajectory 
time a like percentage of time. J y 

Thus, a high probability exists that a minimum performance 
improvement of 20 percent or more might be reaiized in the 

design of both the SATURN I and SATURN II vehicles, which in turn 
reflect greater overall safety and reliability. 

8. Manned Payloads 

Transportation to the lunar outpost will require two basic 
manned capsules. These capsules, with suitable modifications for ' 
special conditions, will serve as round trip transporters for orbital 
crews and to transport the outpost personnel to the moon’s surface 
via orbit and return to the earth's surface. Configurations of both 
manned capsules proposed here are based on the proven JUPITER 
nose cone configuration technology. However, it is understood that 
between the present time and the inception of final capsule design 

iu veMcle'r'e 1 ?!*' 111 ^ ° f * h<i lateSt 8tate -»f-‘l>e-art advancement, 

in vehicle re-entry and recovery designs. 
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Two ways of mounting the capsule on top of the vehicle were 
studied, forward and rearward Of these, the reversed cone with 
trailing edge aerodynamic control surfaces appears most promising ‘ 
for transporting personnel to and from the orbital station. As dis- . ' 
cussed in Chapter III. B. 3, this capsule can also serve as one of the 
basic elements of the minimum orbital station. The reverse position 
offers the maximum amount of crew protection and safety in the event 
of pre-launch or early lift-off vehicle failure. Aerodynamic control 
surfaces are provided to permit the use of body lift during the re-entry 
portion of flight to lower the maximum decelerations encountered, 
n addition, such lift would provide a maneuverability range ^pproach^ " 
ing plus or minus 1500 miles on the earth's surface. 

* 

The interior of the capsule is arranged to allow for the trans- 

fo° thaTnled' H d° ^ “I" int ° 0rb “ a ” d retUrn - Livin S s P ace is limited 
to that needed during the ascent and descent portion of the flight. On - . 

the orbital station, additional volume will be provided for living quartern 

An airlock, jettisonable during re-entry, is provided at the rear of the 

capsule for entrance and egress. (Details in Fig. 11-35. ) 

Adequate volume for life support essentials has been provided 
ased on a consumption r«*te of approximately 450 pounds /man /month/ 
These essentials are distributed both within the capsule for short-term ! 
use and emergency, and in the attached vehicle payload container for 
extended orbital storage. Terminal orbital recovery equipment is 
located within containers attached to the rear surface of the capsule. 

The capsule to transport men to the moon's surface via the 
orbital station and return to the earth's surface is shown in Fig 11-37 

fu ^ T °^ Unar ianding VehiCle< Capsuie configuration is based on 
the JUPITER nose cone shape, as is the ten -man orbital return cap- 
sule, but has additional ablation material for protection during para- 
bolic re-entry. Again the reverse cone position offers the greatest 
crew protection and safety during landing and pre-launch operations 
and at lift-off. Designed for the initial transport of two men, the 
capsule during later missions will include provisions for three men 
and eventually four men. The space available for movement within 
the capsule becomes smaller as a greater number of men are carried; . ‘ 

but this is physiologically acceptable during the 51- to 60-hour flight 
period. 6 



Full environmental control is provided, maintaining approxi- 
mately one atmosphere pressure with oxygen and an inert gas. 
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Temperature and humidity will be balanced and maintained within 
tolerable limits. Electronic equipment is provided for navigation, 
voice communications, telemetry, and tracking beacons. 

For the second manned lunar flight scheduled in July 1965, 
the ten-man capsule described above will be used providing trans- 
portation for nine men to the lunar surface. Upon arrival on the 
lunar surface, this capsule will not have the capability of immediate 
return. However, pre-packaged booster engines may be included 
in the regular unmanned supply vehicles to permit buildup of a com- 
plete earth-return vehicle. By this method, and by utilising the 
emergency 16-man return capacity of the capsule, a capability is 
provided to permit the return of all lunar-located personnel at one 
time in an emergency. 

9. Cargo Payloads 

a. SATURN X Vehicle 

Cargo payload to be carried into orbit by the SATURN 1 
vehicles will consist primarily of propellants for orbital fueling of 
the manned lunar vehicle. Tankage for such a cargo vehicle, illus- 
trated in Fig. 11-41, is based on an extension of the 120-inch diameter 
for the SATURN I upper stages. Based on the oxidizer /fuel ratio 
of 5. 1 , the tanks will contain approximately 4750 pounds of liquid 
hydrogen and 27,750 pounds of liquid oxygen, which is close to a 
standard CENTAUR tank capacity. 

b. SATURN II Vehicle 

Two typical cargo compartments are shown in Figs. U-42 
and 11-32 for the direct earth- to -moon missions with SATURN II. The 
first of these is shown with a storable -propellant tank and engine of 
6000 pounds which is needed for the lunar -assembled return vehicle 
which was shown in Fig. 11-39. The second figure (Fig. 11-32} depicts 
the standard 20-foot-long lunar outpost compartment as payload on 
the direct flight. Either of these, as well as other, typical config- 
urations might be used. 




Similarly, the orbital cargo payload for the SATURN II 
vehicle will be primarily propellants for fueling with some miscel- 
laneous cargo. For the fueling operations, the tankage will be 
generally similar to that provided in the lunar landing vehicle for the 
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Fig. II- 41. Dimensions of Typical Tanker Payload (SATURN I) 
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Lading maneuver. A cylindrical segment of the vehicle upper stage 
256- inch diameter, is capped by a short conical section. 

the f ■ F ° r the SATURN 11 vehicle miscellaneous cargo version, 
the container compartment will have the same external configuration 

as the tanker version. Adequate internal bracing and support will 

be prov.ded to allow transportation of the 70,000-pound payload in 
approximately 5500 cubic feet, 

tn ThC h / 8lC st ™ cture of the lunar landing vehicle will be used 

y cargo from orbit to the lunar surface. In this instance 

however, the manned capsule and earth- return vehicle will be removec 
and a cargo container of similar external configuration will be sub- 
stituted, providing a payload on the lunar surface of 48,000 pounds. 

w n u E * ch / Ueling Crew - both initial and subsequent replacements ( 
iii be provided a two- months supply of life essentials for sustenance 
throughout the orbital period. 

!0. Orbital Space Station and Facilities 
a. Station Provision 



It is very likely that a previously constructed completely 
equipped space platform will be available in 1965 for use as housing 
facilities and for other support for the refueling operation. This could 
include: life-essential supplies and equipment, housing, medical care 
large scale communications equipment, and emergency supplies. 

In the event that an operational space platform in a suitable 
orbit is not available for use by the fueling personnel, it will be nec- 
essary to provide suitable quarters on a minimum facility basis. The 
capsule for transporting ten men into orbit and return in itself is 
insufficient for extended periods of habitation, and additional living 
quarters must be provided. Through the use of the tankage of the 
SATURN I high-energy last stage such additional space can be made 
available with minimum orbital assembly and with no additional vehicle 
requirements. Although special tanks for conversion to habitable 
quarters will weigh slightly more than the standard tankage, the useful 
weight in orbit will be greater. Tankage conversion for this dual 
purpose role will be necessary only for the initial manned orbital 
fueling missions. When rotation of the fueling crew takes place the 
arriving crew and capsule will utilize the same tank converted quarters. 
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